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ABSTRACT
Jeremiah Lum
Word Count: 262
Concussion is one of the most common conditions seen within rehabilitation and
neuropsychology. Given that many concussions are diagnosed following litigationassociated injuries, it is unsurprising that malingered neurocognitive deficit (i.e.,
deliberate underperformance on cognitive instruments in the interest of secondary gain)
has dominated the concussion literature. Although the identification of malingering is
essential to ethical assessment, its presence or absence is not the sole determinant of
performance validity as a whole. Rather, performance validity is a broad construct
involving effort, which refers to examinees’ investment in performing at capacity levels;
emerging research suggests this can be affected by psychological factors unrelated to
secondary gain. The present study builds on this concept by examining whether perceived
injustice significantly predicts effort scores on the Word Memory Test among 52
individuals who met validity standards during testing, and whether this relationship is
moderated by depressive symptoms. Preliminary analyses indicated that only perceived
injustice was significantly correlated with performance validity in a matrix which
included demographics, depression, and litigation status. Follow-up logistic regression
showed that depression significantly predicted perceived injustice, and separate quantile
regression analysis demonstrated that perceived injustice, particularly aspects of
perceived injustice associated with feelings of blame and unfairness, significantly
predicted performance validity among this sample’s lowest effort quantile. Depression
was not found to moderate this relationship. Post-hoc analyses indicated that depression
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was significantly associated with effort, but only at its highest quantile. In summary, this
study provides evidence that perceived injustice and depression influence performance
validity in distinct ways among a non-malingering sample. Clinical implications, study
limitations, and future research directions are discussed.
Keywords: concussion, traumatic brain injury, performance validity, perceived injustice,
depression
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– INTRODUCTION
Mild Traumatic Brain Injury or Concussion
Basic Features and Symptoms
The interpretability of neuropsychological data is essential to potential legal
proceedings and effective rehabilitation following traumatic brain injury (TBI). TBI is
generally defined as disruption in neurological functioning subsequent to external factors
(i.e, a blow to the head). In 2014 over 2 million TBI-related emergency department (ED)
visits, hospitalizations, and deaths occurred in the United States; a TBI was diagnosed in
roughly 288,000 hospitalizations (Centers for Disease Control and Prevention, 2019).
Among these cases, 52% of TBI-related hospitalizations were due to falls and 20% were
due to motor vehicle collisions (MVCs) (Centers for Disease Control and Prevention,
2019). It should be noted that the majority of TBI cases are classified as “mild” TBI, also
known as concussion. It has been estimated that as many as 70-90% of TBIs are
concussions, and that the prevalence of hospital-treated concussions in the United States
(100-300/100,000) represents as little as one-sixth of the probable prevalence
(600/100,000) after accounting for non-hospital-treated concussions (Cassidy et al., 2004;
Centers for Disease Control and Prevention, 2003; McInnes, Friesen, MacKenzie,
Westwood, & Boe, 2017). The American Congress of Rehabilitation Medicine (ACRM)
defines concussion as a disruption of brain function characterized by at least one of the
following: a) Any period of loss of consciousness, b) Any loss of memory for events
immediately surrounding the injury, c) Altered state of awareness for the time of the
injury (e.g., feeling dazed, disoriented, or confused), d) Loss of consciousness of
approximately 30 minutes or less, e) An initial Glasgow Coma Scale (GCS) of 13–15
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after 30 minutes, and f) posttraumatic amnesia not greater than 24 hours. This definition
also includes injury characteristics such as a) The head being struck, b) The head striking
at an object, and c) The brain undergoing an acceleration-deceleration movement (i.e.,
whiplash) without direct external trauma to the head (American Congress of
Rehabilitation Medicine, 1993). Of note, it has been reported that the ACRM’s criteria
for concussion, as well as more severe head injuries, will be updated in the near future,
and incorporate a stronger emphasis on factors such as neuroimaging results at the time
of injury (Silverberg et al., 2021).
Concussion symptoms are generally broken down into physical, cognitive, and
emotional categories (American Congress of Rehabilitation Medicine, 1993; Junn, Bell,
Shenouda, & Hoffman, 2015). In terms of physical symptomology common features
include vestibular problems such as dizziness, poor balance and gait disturbance
(American Congress of Rehabilitation Medicine, 1993; Bland, Zampieri, & Damiano,
2011; Katz et al., 2004; Maskell, Chiarelli, & Isles, 2006), chronic pain
(Nampiaparampil, 2008), vision difficulties (Goodrich et al., 2013; Zost, 1995;
Greenwald, Kapoor, & Singh, 2012; Hellerstein, Freed, & Maples, 1995; Kapoor &
Ciuffreda, 2002; Ripley & Politzer, 2010; Sen, 2017), headaches (American Congress of
Rehabilitation Medicine, 1993; Ruff, Ruff, & Wang, 2008; Ryan & Warden, 2009;
Seifert & Evans, 2010), sleep problems (American Congress of Rehabilitation Medicine,
1993; Fichtenberg, Zafonte, Putnam, Mann, & Millard, 2002; Ouellet, Beaulieu-Bonneau,
& Morin, 2006; Ouellet, Beaulieu-Bonneau, & Morin, 2015), and fatigue (American
Congress of Rehabilitation Medicine, 1993; Belmont, Agar, Hugeron, Gallais, & Azouvi,
2006; Cantor, Wayne, & Shinakee, 2013). The neurobiological dysfunction associated
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with concussion often results in measurable cognitive deficits in addition to physical
symptoms in the acute stages (American Congress of Rehabilitation Medicine, 1993;
Rabinowitz & Levin, 2014; Ryan & Warden, 2009). Psychological and emotional
symptoms include post-traumatic stress, irritability, emotional lability, disinhibition,
anxiety, and depression, among others (Alderman, 2003; American Congress of
Rehabilitation Medicine, 1993; Arciniegas & Wortzel, 2014; Bryant et al., 2010; Bryant
& Harvey, 1998; Bryant & Harvey, 1999; Haagsma et al., 2015; Jorge, Robinson,
Starkstein, & Arndt, 1993; Scholten et al., 2015; Rapoport, 2012; Ryan & Warden, 2009;
Sloan, Brown, & Pentland, 1992).
It has been reported that the wide range of symptoms following TBI represents a
multifaceted, chronic disease process which should not be treated as a single acute event
(Corrigan & Hammond, 2013; Konrad et al., 2010; Masel & DeWitt, 2010). In support
of this, while most individuals who sustain a concussion recover from their symptoms in
three months or less (McCrea, 2008; Rohling et al., 2011), some patients continue to
struggle with physical, cognitive, and psychological problems for at least one year
following the injury (Daneshvar et al., 2011; Hall, Hall, & Chapman, 2005; Junn et al.,
2015; Marshall et al., 2012; McInnes et al., 2017) with some studies reporting PCS
prevalence rates of up to 44% (Dikmen, Machamer, Fann, & Temkin, 2010). Persistent
post-concussive symptoms are particularly deleterious to patients’ quality of life, in part
due to an overall lack of agreement on their long-term treatment (Hadanny & Efrati,
2016). Overall, it is clear that symptom profiles and clinical presentations associated
with concussion often vary by patient, and that the same recovery trajectory cannot be
applied to every person diagnosed with a concussion. More research on how individual

PERCEIVED INJUSTICE AND PERFORMANCE VALIDITY
16
factors affect health outcomes following concussion is likely to be helpful in this regard,
especially in terms of their impact on rehabilitation interventions.
Concussion Rehabilitation Relies on Valid Neuropsychological Assessment
Mild traumatic brain injury can affect individuals of any age, and represents one
of the most common reasons for neuropsychological evaluation referrals (Centers for
Disease Control and Prevention, 2019; Coronado et al., 2012; Sweet, Meyer, Nelson, &
Moberg, 2010; Sweet, Meyer, Nelson, & Moberg, 2011). When cognitive symptoms
following a head injury are noted by credible informant report as well as objective
neuropsychological findings in the clear absence of comorbid issues such as delirium,
psychological disorder, or pre-existing cognitive deficit, a diagnosis of mild
neurocognitive disorder (NCD) is appropriate. The use of the term “mild” does not
necessarily denote a small degree of impairment, but is intended to distinguish mild
neurocognitive disorder from “major” neurocognitive disorder, which involves the loss of
ability to engage in basic activities of daily living that one might encounter in the context
of dementia (Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition).
Given potentially subtle cognitive weaknesses in mild NCD following
concussion, neuropsychological evaluation presents a vital initial stage of rehabilitation
(American Academy of Neurology, 1996; Bennett, 2001; Tsaousides & Gordon, 2009),
particularly in the acute stages of the injury. Therefore, while assessment is often viewed
separately from rehabilitation interventions, it provides information that is crucial for
evaluating patients’ cognitive skills and by extension specific treatment
recommendations. However, in order for neuropsychological testing to inform clinical
and diagnostic reasoning it is important to ensure patients’ performance validity during
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evaluations (Lippa, 2018; Loring, 1995) due the negative effects of poor effort on
cognitive performance (Green, Rohling, Lees-Haley, & Allen, 2001; Lange, Iverson,
Brooks, & Rennison, 2010; Stulemeijer, Andriessen, Brauer, Vos, & Van Der Werf,
2006) which has also been detected in military samples (Armistead-Jehle & Buican,
2012; Clark, Amick, Fortier, Milberg, & McGlinchey, 2014; Armistead-Jehle, Cooper, &
Vanderploeg, 2015; Cooper, Vanderploeg, Armistead-Jehle, Lewis, & Bowles, 2014;
Grills & Armistead-Jehle, 2016; Lange, Pancholi, Bhagwat, Anderson-Barnes, & French,
2012). In other words, failure to incorporate measures such as performance validity tests
(PVTs) can lead to inaccurate data and misleading information about patients’ actual
degree of impairment (Larrabee, 2012; Sherer et al., 2015).
Performance Validity versus Malingering
In light of the above information, performance validity represents one of the most
well-documented areas of neuropsychology research, with the vast body of literature in
this area representing a challenge for most researchers to briefly summarize (Bender &
Frederick, 2018; Bianchini, Greve, & Love, 2003; Bigler, 2012; Bigler, 2014; Binder,
1990; Boone, 2007; Carone & Bush, 2013; Dandachi-Fitzgerald, Ponds, & Merten, 2013;
Denning & Shura, 2019; Etcoff & Kampfer, 1996; Guidotti & Sweet, 2013; Hayes,
Hilsabeck, & Gouvier, 1999; Iverson & Binder, 2000; Larrabee, 2007; McWhirter,
Ritchie, Stone, & Carson, 2020; Millis & Putnam, 1996; Millis & Volinsky, 2001;
Morgan & Sweet, 2008; Schutte & Axelrod, 2013; Sweet, Goldman, & Guidotti, 2013;
Zielinski, 1994). Broadly, performance validity refers to one’s ability to work at or
above the minimum level of effort necessary to produce interpretable neuropsychological
data. Different levels of performance validity are known to impact neuropsychological
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performance ranging from frank malingering, to “sub-optimal” (i.e., variable or otherwise
low patterns of engagement which do not meet malingering criteria), and adequate (i.e.,
demonstrating a level of effort such that cognitive results should be considered a credible
representation of an examinee’s cognitive functioning). Although the term “effort” has
fallen out of favor given the different ways it can be interpreted (i.e., trying to perform as
well as possible on testing versus trying to fail in the context of malingering; Heilbronner
et al., 2009; Sweet et al., 2021), I will use it in this manuscript to refer to examinees’
investment in performing at capacity levels, as described by the National Academy of
Neuropsychology (Bush et al., 2005). On the other hand, malingered neurocognitive
dysfunction is deliberate underperformance during a neuropsychological evaluation in the
interest of secondary gain. Effort levels are measured using both stand-alone and
embedded performance validity tests (PVTs), which are typically comprised of tasks
which are easy even for individuals with severe cognitive impairment (Granacher, 2007;
Larrabee, 2012; Schutte & Axelrod, 2013). Different PVTs utilize specific pass-fail
thresholds, including cutoffs for below- or above-chance performance, such that
interpretation of validity data depends on the empirical norms established for that
particular PVT. Given the low difficulty of PVTs and the rigidity of their cutoffs, low
scores (particularly below-chance ones) are often assumed to represent deliberate
underperformance in the course of assessment, or malingered neurocognitive deficit
(Iverson, 2006; Binder, 1990; Etcoff & Kampfer, 1996; Larrabee, 2012; Rogers, 1988).
However, despite some similarities it should be noted that effort and malingering are
distinct constructs (Bender, 2018; Wasserman & Wasserman, 2020). Thus, conflating the
two may lead to misattributions of sub-optimal effort in “border zone” validity profiles
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(i.e., below “clear pass” and above “clear fail” cutoffs) to malingering, when they may be
related to clinically meaningful factors such as illness perceptions, oppositional testing
attitudes, or mild engagement fluctuations rather than volitional underperformance with
intent to deceive (Bigler, 2014; Martin & Schroeder, 2020; Silver, 2015; Silver, 2012).
Consistent with this idea, the recent validity consensus statement by the American
Academy of Neuropsychology (AACN) indicates that a malingering diagnosis cannot be
assigned if a neuropsychologist cannot identify the presence of external incentive, in
addition to evidence that said incentive is actively guiding an examinee’s testing behavior
(Sweet et al., 2021). Other variables, such as symptom exaggeration and false
imputation, are also associated with malingering (Resnick & Knoll, 1997). Thus, an
individual who falls short of PVT cutoffs without a clear external incentive is likely a
poor candidate for a malingering diagnosis, and warrants additional clinical investigation
to obtain a more comprehensive understanding of the case (Iverson, 2006; Slick,
Sherman, & Iverson, 1999; Sherman, Slick, & Iverson, 2020). While full analysis of the
AACN’s 2021 statement is beyond the scope of this review, interested readers are
encouraged to read it separately for additional examples of updated terminology and
suggested practices for the evaluation of performance validity.
The above findings indicate that the boundary between low or variable effort in
non-malingerers versus malingerers can be difficult to identify (Allen et al., 2009). The
disentangling of these variables is complicated by reports indicating that PVT failure may
reflect factors unrelated to malingering such as fatigue, anxiety, or substantial psychiatric
complications (Denney, 2008). For example, in a sample of noncompensation-seeking
patients Kemp et al. (2008) discovered that 30% of participants failed one of six PVTs,
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with 11% failing at least two. Similarly, it should be noted that cases in which one of
several PVTs administered are failed have some likelihood of representing a “transient”
validity issue that may not support a conclusion of malingering (Lippa, 2018).
Psychological factors have also been speculated to influence effort test failure,
particularly among populations such as nonpsychotic psychiatric patients and nonepileptic seizure patients (Gorissen, Sanz, & Schmand, 2005; Locke, Smigielski, Powell,
and Stevens 2008). Other psychological variables, such as oppositional attitudes toward
testing, have been linked to PVT failures at a roughly equal rate to forensic examinees
suspected of malingering (Martin & Schroeder, 2020). Additionally, it has been
speculated that medicolegal examinees with malingering incentive are also likely to hold
feelings including but not limited to anger, beliefs about one’s post-TBI prognosis, and
perceived injustice, that they may be more likely to experience negative feelings and
reactions associated with these factors during treatment, and that these problems may
affect their performance validity (Silver, 2015; Silver, 2012). Thus, the involvement of
clinically relevant factors may be underestimated in cases presumed to represent
malingered neurocognitive dysfunction.
Given the increasingly multifaceted nature of performance validity it has been
suggested that PVT failure, even during litigation, “is not necessarily suggestive of any
single category of behavior, including malingering” (Bender & Matusewicz, 2013). In
this vein some research suggests that strict pass/fail classifications on PVTs may
represent an inadequate way to measure effort, particularly for individuals who score
above chance but below the official threshold for a passing score. In a recent review
Bigler (2014) suggested that the measurement of effort for “border zone” performance
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validity provides interpretive challenges due to several factors, such as neuroimaging
findings indicating that PVTs require activation of top-down (i.e., neurobiologically
“effortful”) processes (Allen et al., 2009; Bigler, 2014). Hence, Bigler argued that no
PVT can be considered “effortless” at the biological level, and proposed that rigid cutoff
values, especially in terms of a borderline pass or fail, on PVTs do not always provide an
accurate clinical picture. He proposed that more research on interactions between
functional neuroanatomy, psychiatric problems, and influences such as potential
neurobiological markers of illness behavior on effort is needed (Allen, Wu, & Bigler,
2011; Bigler, 2014).
Measuring Validity: Formal Measures are the Standard
Several standalone performance validity measures have been developed and
validated to address the need for validity standards, such as the Test of Memory
Malingering (TOMM; Tombaugh, 1996), Green’s Word Memory Test (Green, 2003), the
Medical Symptom Validity Test (MSVT; Green, 2004), Rey 15-item test (Rey-15; Rey,
1964), Portland Digit Recognition Test (PDRT; Binder & Willis, 1991) and Victoria
Symptom Validity Test (VSVT; Slick, Hopp, Straus, & Spellacy, 1996). The use of
formal (i.e., standalone) validity measures are widely used in testing batteries, with many
investigators recommending that a) that the use of empirically-supported formal PVTs
represent standard neuropsychological practice, with the exception of cases involving
patients requiring 24-hour supervision due to profound impairments (Bush et al., 2005;
Heilbronner, Sweet, Morgan, Larrabee, & Millis, 2009; Iverson, 2006; Larrabee, 2012;
Millis & Volinsky, 2001; Sweet et al., 2021; Willis, Farrer, & Bigler, 2011), with b) more
than one PVT per battery. While previous debate in the literature exists regarding false
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positives in the course of multi-PVT administration (Bilder, Sugar, & Hellemann, 2014),
recent findings largely mitigate this concern (Davis & Millis, 2014; Larrabee, 2012;
Larrabee, 2014; Victor, Boone, Serpa, Buehler, & Ziegler, 2009).
In addition to formal PVTs, embedded validity measures within cognitive tests
have also been studied. Examples include but are not limited to Reliable Digit Span on
the Wechsler Adult Intelligence Scales (Greiffenstein, Baker, & Gola, 1994; Jasinski,
Berry, Shandera, & Clark, 2011), total errors on the Seashore Rhythm Test (Reitan &
Wolfson, 1993; Ross & Millis, 2007), and the California Verbal Learning Test-II (CVLTII; Delis, Kramer, Kaplan, & Ober, 2000)’s Forced Choice Recognition task (Erdodi et
al., 2018a), and performance on subtests from the Category Test (DiCarlo, Gfeller, &
Olivieri, 2000; Greve, Bianchini, & Roberson, 2007; Tenhula & Sweet, 1996). Some
interest has also been expressed in measuring effort using information from measures
such as the Wisconsin Card Sorting Test (Berg, 1948; Greve, Bianchini, Mathias,
Houston, & Crouch, 2002; Ord, Greve, Bianchini, & Aguerrevere, 2009), additional
subtests from the CVLT-II such as Long Delay Recall and Discriminability indices
(Wolfe, Millis, Hanks, & Fichtenberg, 2009), the Finger Tapping Test (Axelrod, Meyers,
& Davis, 2013), language tests such as the Boston Naming Test (Erdodi et al., 2018b;
Whiteside et al., 2014), processing speed subtests on the Wechsler Intelligence Scales
(Erdodi et al., 2017), the Trail Making Test as well as Trail Making on the Delis-Kaplan
Executive Function System (Erdodi et al., 2018c; Iverson, Lange, Green, & Franzen,
2002), the Stroop Test (Erdodi et al., 2018d), the Controlled Oral Word Association Test
and Animal Fluency (Sugarman & Axelrod, 2014; Whiteside et al., 2014). It should be
noted that caution should be exercised when using multiple embedded PVTs due to
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higher false positive rates (Silk-Eglit, Stenclik, Miele, Lynch, & McCaffrey, 2015), and
that embedded PVTs should not be considered as a full substitute for formal PVTs
(Miele, Gunner, Lynch, & McCaffrey, 2011; Schutte & Axelrod, 2013). In an archival
analysis of data from medicolegal patients presenting for neuropsychological evaluation
in the context of a concussion claim (n = 44), fibromyalgia (n = 2), combined stroke and
depression (n = 1), sarcoidosis (n = 1), and multiple sclerosis (n = 1), logistic regression
was used to evaluate the classification accuracy in terms of low effort for 17 embedded
PVTs. Due to high multicollinearity among this high number of predictors individual
regression analyses were conducted for each measure. Results indicated that only four
(Reliable Digit Span, Speech Sounds Errors, Tactile Finger Recognition Total Errors, and
error count on Category subtest 7) of the original 17 embedded measures accounted for
unique variance in the participants’ performance validity as defined by failing at least two
PVTs. Of these Reliable Digit Span showed the highest classification accuracy (74%),
and emerged as the only significant measure after a final direct logistic regression
incorporating all four measures (Miele, Gunner, Lynch, & McCaffrey, 2011). These
findings suggest that despite their efficient (i.e., “built-in”) nature, embedded PVTs are
insufficient to provide a full indication of effort in the absence of standalone PVTs.
Therefore, standards for validity-related conclusions should be based largely on formal
PVTs with embedded measure data as a supplement.
Distinguishing Performance Validity from Malingering and Symptom Validity after
Concussion
Malingering and concussion assessment. PVT data is particularly relevant to traumatic
brain injury assessment, where base rates of malingering have been suspected to range
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from 18% to 40% (Binder, 1993; Grote et al., 2000; Larabee, 2003; Meyers & Volbrecht,
1998; Mittenberg et al., 2002), and where failing even one PVT has been observed to
correlate with significantly worse testing performances than for individuals with zero
PVT failures (Proto et al., 2014). For example, in a sample of 904 compensation
claimants Green, Rohling, Allen, & Lees-Haley (2001) found that participant effort as
measured by Green’s Word Memory Test (WMT) predicted 4.5 times more of the
variance in their overall testing scores as measured by their full battery mean score than
head injury severity, even for individuals who had sustained a severe TBI. The authors
suggested that effort has a larger influence on cognitive testing scores than actual
neurologic deficit, particularly following concussion. This idea was later supported by
findings of a dose-response relationship between financial compensation and cognitive
malingering in TBI patients (Bianchini, Curtis, & Greve, 2006), as well as a separate
German study with patients referred for testing in the context of workers’ compensation
and personal injury litigants (Stevens, Friedel, Mehren, & Merten, 2008). Specifically,
WMT and MSVT failure accounted for up to 35% of the variance in scores on measures
of processing speed, global intellectual functioning and memory. When the authors
controlled for effort using MANOVA, results indicated that no other factors significantly
explained the patients’ cognitive profiles, including TBI severity (Stevens et al., 2008).
Similar results were detected in a study comparing performance validity levels between
774 individuals potentially eligible for secondary gain such as Workers’ Compensation,
disability or personal injury claim and parents undergoing cognitive testing as part of a
custody evaluation. Over 98% of the parents passed the Word Memory Test in
comparison to only 60% of the concussion patients, which was attributed to differences in
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motivation to perform well on testing as opposed to actual neurologic injury (Flaro,
Green, & Robertson, 2007). These findings are consistent with reports indicating that
during neuropsychological testing among individuals involved in TBI-related litigation or
disability claims, patients who failed PVTs showed a) a significantly higher degree of
impaired scores on actual cognitive measures than people who failed none and b)
significantly larger effect sizes for effort (Cohen’s d = 1.12 to 1.86) than for TBI severity
(Cohen’s d = .03 to .36) on those scores (Davis, McHugh, Axelrod, & Hanks, 2012).
Recent work suggests that there are even additional differences to be found in the ways
that disability-seeking and personal injury litigation patients who fail PVTs approach the
tasks (Cottingham, Victor, Boone, Ziegler, & Zeller, 2014), suggesting that motivation is
significantly linked to potential malingering. A multivariate linear regression study with
a sample of 115 individuals who sustained a concussion, for example, found that
workers’ compensation status following TBI predicted participants’ scores on measures
of intellectual functioning, memory, and executive functioning. Follow-up path analyses
showed that effort as measured by performance on the Rey 15-item test mediated the
relationship between workers’ compensation status and cognitive performance; in other
words, compensation status predicted cognitive performance through effort (Na, Jung,
Lee, & Kim, 2014).
Altogether, the clear influence of malingering factors on PVT outcomes
represents the vast majority of the literature available on performance validity following
mild traumatic brain injury. While it is important to acknowledge these findings, it
stands to reason that the complex nature of performance validity also warrants studies of
effort predictors among individuals who do not fit a malingering profile. Currently there
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is paucity of published research in this area as it relates to clinical concussion
populations. This exacerbates misunderstandings about vital conceptual differences
between performance validity and malingering as discussed above, and highlights the
need for validity studies incorporating samples of non-malingering examinees. To my
knowledge only one study of this nature has been conducted very recently as a review,
and found that PVT failure is common (in some cases, up to 25%) across multiple
diagnostic populations (e.g., brain injury as well as intellectual, degenerative, and
psychiatric conditions) without malingering incentive (McWhirter, Ritchie, Stone, &
Carson, 2020). However, this review was not concussion-specific, and did not
investigate for the presence of clinically-relevant factors which may inform variable PVT
profiles among clinical populations.Thus, despite emerging evidence that performance
validity is a) distinct from malingering and b) possibly sensitive to genuine clinical
problems, very few studies have been conducted in the interest of identifying these
predictors.
Symptom validity and malingering. Like malingering, the term “symptom validity” has
often been used interchangeably with performance validity. Although correlated with
performance validity, symptom validity is a separate concept referring specifically to
endorsement and reporting of symptoms on psychological functioning measures
(Larrabee, 2012; Van Dyke, Millis, Axelrod, & Hanks, 2013). Previously, self-report of
symptoms (e.g., during clinical interview) had also been considered an aspect of
symptom validity (Iverson & Binder, 2000; Larrabee, 2000). A wealth of literature has
been generated documenting correlations between performance and symptom validity in
the context of malingering, although this has mostly been done with military samples.
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Despite these limitations, it is worth describing this literature briefly for the purposes of
this comprehensive review. For example, it has been found that over 50% of American
soldiers presenting for a concussion-related assessment in the context of a medical board
evaluation who fail standalone PVTs also produce noncredible symptom reporting on
overreporting scales, and more elevations on the PAI’s Negative Impression Management
Scale, than those who passed PVTs (Armistead-Jehle & Buican, 2012). Similarly, Lange
et al. (2012) found that patients who had histories of concussion and failed the WMT
demonstrated stronger elevations on the majority of the PAI’s clinical and validity scales
than patients with mild and severe TBI who passed the WMT. Similar associations have
been observed between WMT failure and the MMPI-2 Restructured Form’s (MMPI-2
RF; Ben-Porath & Tellegen, 2008) F-scales and Response Bias Scale, which measures a
respondent’s tendency toward cognitive symptom exaggeration (Armistead-Jehle, Cole,
& Stegman, 2018), while another study found that failures on the TOMM, the VSVT, and
the Effort Index of the Repeatable Battery of Neuropsychological Status (RBANS;
Randolph, 1998) were associated with significant linear increases on all of the MMPI-2
RF’s overreporting scales, and most clinical scales, in 501 military service members
(Jones, Ingram, & Ben-Porath, 2012).
Associations between malingering and symptom validity have also been observed
in civilian samples. Among this population it has been found that motivation,
particularly financial motivation, likely plays a role in failure of dual PVT and SVT
failure (Donders, Lefebre, & Goldsworthy, 2019). When secondary gain is involved, it
has been proposed that compensation-seeking concussion patients endorse more anxiety
and somatic symptoms on the Personality Assessment Inventory (PAI; Morey et al.,
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1991) than non-compensation-seeking counterparts, suggesting that differential
endorsement patterns co-occur with compensation-seeking status (Whiteside, Galbreath,
Brown, & Turnbull, 2012). These results were consistent with Minnesota Multiphasic
Personality Inventory-2 (MMPI-2; Butcher, Dahlstrom, Graham, Tellegen, & Kaemmer,
1989) findings indicating that individuals who sustained concussion concussion were
more likely to show elevations on scales related to somatic and health concerns, although
it should be noted that these data were observed in adults who were diagnosed with
complicated concussions as teenagers (Hessen, Anderson, & Nestvold, 2008). While
neuropsychological performance validity was not incorporated into these studies, they
indicate a higher likelihood of somatic endorsement on SVTs following concussion,
particularly when examinees may be motivated to engage in malingered neurocognitive
deficit. Larrabee (1998) found that individuals who met neurocognitive malingering
criteria according to Slick, Sherman, & Iverson’s 1999 standards including worse-thanchance performances on several effort measures including the Portland Digit Recognition
Test, Test of Memory Malingering, and Reliable Digit Span, also showed significant
elevations on MMPI-2 scales related to high somatic concern (Hypochondriasis and
Hysteria). They were also elevated on a scale of noncredible symptom reporting (LeesHaley Fake Bad Scale; FBS), which has been found to have adequate predictive validity
in the context of head injury litigation (Dionysus, Denney, & Halfaker, 2011). These
findings were consistent with later studies showing that individuals who failed PVTs or
met criteria for probable and definite malingered neurocognitive dysfunction (Slick et al.,
1999) showed significant elevations on the MMPI-2 including clinical scales such as
Hypochondriasis, Hysteria, Depression, Psychasthenia, and Schizophrenia, and validity
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scales such as the FBS, Symptom Validity Scale, and Response Bias Scale (Gervais, BenPorath, Wygant, & Green, 2007; Larrabee, 2003a; Larrabee, 2003b; Peck et al., 2012). In
addition to somatic endorsement some studies have also indicated that elevated scales
measuring psychological disturbance and distress, such as depression, anxiety, and
bizarre cognitions, may predict neuropsychological impairment in domains such as
attention, memory, and executive functioning (Gass, 1996; Gass, Ansley, & Boyette,
1994; Ross, Putnam, Gass, Bailey, & Adams, 2003). However, these studies failed to
account for the effect of effort on cognitive performance. It should be noted that despite
the existence of positive predictive relationships between malingering on PVT and SVT
performances, the distinct types of malingering they represent indicates that they should
not be used interchangeably. That is, interpreting non-credible symptom reporting as a
direct guarantee or proxy of PVT failure (and vice versa) constitutes inaccurate practice,
and may lead to inappropriate case conceptualizations.
Symptom and performance validity in the absence of malingering. Extant literature
investigating the relationship between symptom and performance validity is very small in
comparison to the literature on malingering and symptom validity, particularly in the
context of concussion. To address this issue, Ross, Putnam, & Adams (2006)
investigated the relationship between certain MMPI-2 clinical scale (i.e., Depression,
Psychasthhenia, Schizophrenia) and content scale (i.e., Anxiety, Bizarre Mentation,
Depression, Fears, and Obsessions) elevations representing psychological disturbance
and neuropsychological performance on the Halstead-Reitan battery (HRB; Reitan &
Wolfson, 1993) while also measuring invalid effort through chance performance on the
Recognition Memory Test (RMT; Warrington, 1984). Unsurprisingly, the authors found
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that invalid RMT performance as well as elevated disturbance scales were both
associated with lower HRB scores. However, additional hierarchical multiple regression
analyses showed that after controlling for demographic variables, head injury severity,
compensation-seeking status, and incomplete effort, the disturbance scales still explained
over 25% of the variance in HRB scores. In other words, high psychological distress
maintained an influence on cognitive performance independently of potential
malingering.
In addition to self-reported psychological distress, questions have been raised
about potential effects of cognitive symptom validity on performance validity in nonmalingering individuals. For instance, some researchers suggest that patients
overestimate their premorbid functioning, and therefore report a higher level of cognitive
dysfunction than other patients, regardless of intention to exaggerate symptoms (“The
good old days” bias; Ferguson, Mittenberg, Barone, & Schneider, 1999; Gunstad & Suhr,
2001; Lange, Iverson, & Rose, 2010; Mittenberg, DiGiulio, Perrin, & Bass, 1992). Given
that individuals with a high “good old days” bias are more likely to view their symptoms
as more severe, and that illness perception has been found to predict performance validity
(Henry et al., 2018), it seems probable that symptom and performance validity are
correlated regardless of whether malingering is present. Although this study does not
examine relations between symptom and performance validity specifically, it is important
to a) highlight the paucity of literature examining their relationship in non-malingering
samples, and b) establish their conceptual differences given the frequent and incorrect
interchangeability of these terms in clinical settings. As noted above, it is crucial to
appreciate conceptual differences between performance and symptom validity to generate
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appropriate treatment recommendations, particularly in the absence of frank malingering
in either domain.
Perceived Injustice
Definition and Basic Features of Perceived Injustice
Perceived injustice attitudes, also known as “injustice appraisals”, are likely to
arise when one’s beliefs in a just world are contradicted by negative events which are
interpreted as unpredictable or undeserved (Monden et al., 2016). When this happens,
people are likely to believe they have been treated unfairly or disrespectfully because of
someone else’s behavior. Post-injury life often presents with a chronic sense of injustice
(Iverson, Terry, Karr, Panenka, & Silverberg, 2018; Miller, 2001), and previous studies
have found traumatic injuries to be highly correlated with injustice appraisals (Trost et
al., 2015). A variety of physical and psychological hardships are associated with
perceived injustice in the wake of traumatic injury, such as functional disability,
musculoskeletal pain and pain catastrophizing, post-traumatic stress, anger, and
depression, among others which will be discussed below (Bosma, Gerritsma, Klabbers, &
van den Akker, 2012; DeVogli et al., 2007; Monden et al., 2019; Scott, Trost, Milioti, &
Sullivan, 2013; Sullivan, Adams, Horan, Maher, Boland, & Gross, 2008; Sullivan,
Davidson, Garfinkel, Siriapaipant, & Scott, 2009; Sullivan et al., 2011; Sullivan, Scott, &
Trost, 2012; Sullivan, Yakobov, Scott, & Tait, 2014; van Leeuwen et al., 2016; Trost et
al., 2015), suggesting that subjective injustice experiences are multifaceted and systemic
in nature. It is therefore critical to not only investigate factors that can predict one’s level
of perceived injustice, but also outcomes that might be predicted by high injustice
appraisals.
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Perceived Injustice is Associated with Negative Physical and Mental Health Outcomes
As mentioned above, perceived injustice has been found to be associated with a
number of negative health outcomes (DeVogli et al., 2007; Monden et al., 2019; Sullivan
et al., 2008; Scott & Sullivan, 2012; Scott, Trost, Milioti, & Sullivan, 2013; van Leeuwen
et al., 2016). Many of these outcomes are likely to reduce people’s ability to fully engage
in their daily tasks. Several studies have shown that perceived unfairness is positively
associated with outcomes such as functional and occupational disability, pain intensity,
cardiovascular events, and overall physical recovery, particularly for individuals who
sustained traumatic injuries such as whiplash (Bosma, Gerritsma, Klabbers, & van den
Akker, 2012; DeVogli et al., 2007; Ferrari, 2015; Scott, Trost, Milioti, & Sullivan, 2013;
Sullivan et al., 2008; Sullivan et al., 2009; Sullivan, Yakobov, Scott, & Tait, 2014; van
Leeuwen et al., 2016). Psychologically, perceived injustice is correlated with outcomes
such as depression, catastrophizing and decreased levels of protective factors such as
self-efficacy (Monden et al., 2019; Sullivan et al., 2011; Sullivan, Scott, & Trost, 2012).
There have also been findings suggesting that perceived injustice influences the
relationship between comorbid physical and psychological difficulties. In a crosssectional study with individuals suffering from musculoskeletal pain, Scott & Sullivan
(2012) observed a significant relationship between depressive and pain symptoms which
was in turn moderated by perceived injustice. The authors concluded that perceived
injustice is one psychological factor which augments the relationship between pain and
depression, and that targeting injustice attitudes may also affect depressive symptoms in
people with high injustice appraisals. Thus, it appears that in addition to its role as a
consequence of unexpected and undeserved trauma, perceived injustice also contributes
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to impairments in physical and mental well-being. One domain particularly relevant to
this concern is rehabilitation, which has the primary goal of increasing patients’
functioning across multiple contexts and roles. In other words, it is possible that patients’
injustice appraisals are a significant contributor to their rehabilitation outcomes (Monden,
Trost, Scott, Bogart, & Driver, 2016).
Perceived Injustice and Rehabilitation Outcomes
Emerging literature suggests that even when provided with opportunities to
increase their functioning, individuals with high injustice appraisals continue to
experience difficulty. In particular, perceived injustice has been found to correlate with
negative outcomes following rehabilitation (Sullivan, Adams, Horan, Maher, Boland, &
Gross, 2008). For example, Scott and colleagues (2015) investigated factors affecting
post-treatment depression symptoms in patients affected by whiplash following motor
vehicle collisions. These individuals were enrolled in a multidisciplinary rehabilitation
program for persistent pain. Participants were asked to complete surveys measuring
depressive symptoms, demographic factors, pain intensity, disability, posttraumatic stress
symptoms, pain catastrophizing, perceived injustice, and self-efficacy at the beginning
and end of the treatment program. Logistic regression analyses showed that among these
variables only perceived injustice, specifically severity of loss, contributed significant
unique variance to the prediction of clinically elevated depressive symptoms postrehabilitation. A later study by these authors indicated that during a comprehensive
rehabilitation program, patients’ injustice appraisals were also associated with negative
mental health outcomes including perceived disability, anger intensity and regulation, and
depressive symptoms (Scott, Milioto, Trost, & Sullivan, 2016). However, unlike
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previous studies this investigation was also designed to evaluate potential mechanisms by
which perceived injustice influences rehabilitation outcomes. To this end the authors
hypothesized that perceived injustice and anger expression rehabilitation outcomes by
degrading patients’ working alliance with their clinicians. In addition to zero-order
correlations indicating a strong negative relationship between perceived injustice and
client-rated working alliance, the authors found that anger expression mediated this
relationship in their sample. While limited, the available literature on perceived injustice
and rehabilitation outcomes demonstrates that high injustice appraisals are important to
patients’ progress and experiences within rehabilitation interventions. This appears to be
especially problematic when high perceived injustice is combined with other
psychological and emotional difficulties. Furthermore, patients’ experiences with
environmental factors involved in the rehabilitation process, such as clinicians
themselves, are likely to inform outcomes in conjunction with perceived injustice and
psychological distress.
As described previously, neuropsychological assessment, and therefore valid
cognitive performance, are critical aspects of concussion rehabilitation. Literature
investigating the relationship between perceived injustice and neuropsychological
performance validity is very scant, and sometimes only mentioned in passing (ArmisteadJehle & Grills, 2019). Trost, Monden, Buelow, Boals, & Scott (2016) found that
following spinal cord injury, perceived injustice predicts intention to litigate; as
mentioned previously, litigation status is associated with performance validity
(Cottingham, Victor, Boone, Ziegler, & Zeller, 2014; Davis, McHugh, Axelrod, &
Hanks, 2012). To date only one study has investigated the relationship between
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perceived injustice and performance validity, the results of which suggested that
perceived injustice and performance validity following concussion are negatively
associated with each other. In a sample of 102 patients from four concussion clinics,
Iverson and colleagues (2018) reported that individuals who failed the MSVT (Green,
2004) were significantly more likely than their normally-scoring counterparts to exhibit
higher total scores on a measure of perceived injustice (Injustice Experience
Questionnaire or IEQ; Sullivan, Adams, Horan, Maher, Boland, & Gross, 2008), and,
across the entire sample, a significant negative correlation between IEQ total score and
the MSVT’s embedded measure of response consistency was noted. The authors
proposed that individuals with high perceived injustice following concussion may feel
compelled to “prove” their symptom severity through exaggeration (i.e., intentional subchance performance). However, these findings were limited by the authors’
acknowledgment that their MSVT score distribution was highly skewed, that no
statistical corrections were attempted to account for this in their analysis, and that effort
was defined based on whether participants met criteria for a clear pass or clear fail on the
MSVT (i.e., there was no continuous indication of effort). While this observation is
consistent with what may be expected of the correlation between perceived injustice and
effort, additional research is needed to allow for more confident conclusions about this
relationship. In particular, the development of theoretical models explaining factors that
influence this association would be especially helpful, particularly in clinical and forensic
settings.
Depression as a Common Factor across Perceived Injustice, Traumatic Brain
Injury, and Neuropsychological Performance Validity
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As mentioned above, perceived injustice and rehabilitation outcomes, particularly
cognitive performance validity, are both daunting and frustrating areas of research for
rehabilitation and neuropsychologists. While both performance validity and perceived
injustice are well-represented in their respective bodies of literature, there are almost no
studies describing how they might influence one another in the context of traumatic brain
injury. However, this does not necessarily mean that they are unrelated. As described
above, psychological and emotional problems, particularly high anger and depression, are
associated with negative mental health and rehabilitation outcomes in the context of
perceived injustice (Monden et al., 2019; Scott et al., 2016; Scott & Sullivan, 2012).
Similarly, post-concussion subjective cognitive complaints are more highly associated
with psychological distress and subjective illness perception than neuropsychological
performance; anxiety, depression, and somatic symptom endorsement are often indicated,
and associated with higher levels of invalid performance (Gass, 1996; Gass et al., 1994;
Gervais et al., 2007; Hessen et al., 2008; Henry et al., 2018; Hessen & Nestvold, 2009;
Larrabee, 2003; Peck et al., 2012; Ross et al., 2003; Sherer et al., 2015).
Based on a literature review, one prominent psychological difficulty that is
associated with perceived injustice, mild traumatic brain injury, and neuropsychological
effort is depression. There is consistent support for an association between depression
and perceived injustice across a variety of diagnostic populations such as whiplash injury
survivors, fibromyalgia, and individuals with chronic pain (Trost et al., 2015; Sullivan et
al., 2009; Rodero et al., 2012; Yakobov et al., 2014). Perceived injustice and depression
are so frequently correlated with one another that therapeutic reductions of injustice
appraisals have been hypothesized to predict improvements in depressive symptoms

PERCEIVED INJUSTICE AND PERFORMANCE VALIDITY
37
(Scott et al., 2015). Similarly, questions have been raised about whether they represent
the same psychological phenomenon; therefore, recent efforts have been made to
disentangle them as constructs (Monden et al., 2019). To this end, general linear
modeling analyses of data from spinal cord injury survivors show that depression and
injustice appraisals significantly differ in terms of predictors such as state anger, time
since injury, and sex, indicating that despite their frequent co-occurrence perceived
injustice and depression are conceptually distinct (Monden et al., 2019).
Depression is also the most prevalent psychiatric difficulty following traumatic
brain injury in both inpatient and outpatient populations (Bryant, O’Donnell, & Creamer,
2010; Koponen, Taiminen, & Portin, 2002; Rosenthal, Christensen, & Ross, 1998), and
that this correlation may be age-dependent (Rapoport, McCullagh, Streiner, & Feinstein,
2003a). The co-occurrence between depression and TBI may be partly due to several
overlapping symptoms between the two conditions such as depressed mood, sleep
difficulties, fatigue, irritability, and attentional problems (Rapoport, Mccullagh, Streiner,
& Feinstein, 2003b). In addition to functional disability and other post-concussive
symptoms, people who experience depression may also be at a higher risk for multiple
adverse outcomes including higher psychosocial impairment and neurobehavioral
dysfunction. They may also be more likely to view their injury as more severe than nondepressed individuals (Fann, Katon, Uomoto, & Esselman, 1995; Rapoport et al., 2003b).
Given this information in addition to reports indicating that subjective cognitive
complaints are more closely related to psychological distress than actual cognitive ability,
and that illness perceptions have been linked to neuropsychological performance validity
(French et al., 2014; Henry et al., 2018; Spencer, Drag, Walker, & Bieliauskas, 2010) it
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may be that individuals with higher levels of depression following traumatic brain injury
are at a higher risk of failing PVTs (i.e., depression may act as a motivating factor in
malingered neurocognitive dysfunction). This possibility is supported by findings that
even among individuals who show adequate effort in the course of neuropsychological
testing, patients with depression endorse higher levels of cognitive, emotional, and
somatic problems (Rohling, Green, Allen, & Iverson, 2002) which is also consistent with
the kinds of symptoms reported by individuals who show evidence of malingering on
both PVTS and SVTs as I described previously.
Extant literature indicates that in terms of cognitive abilities, depression interferes
with effortful processing as opposed to more automatic processes, such as recognition
tasks (Hartlage, Alloy, Vázquez, & Dykman, 1993). Given that PVTs are typically
designed to be simple or easy to pass even for individuals with fairly extensive
neurologic damage (Carone, 2008; Goodrich-Hunsaker & Hopkins, 2009; Granacher,
2007; Huppert & Piercy, 1976; Larrabee, 2012; Martone, Butters, & Trauner, 1986; Seron,
Deloche, Ferrand, & Cornet, 1991), it is unsurprising that in several studies affective

problems such as depression and anxiety has not been observed to significantly influence
PVT scores (Ashendorf, Constantinou, & McCaffrey, 2004; Iverson, Le Page, Koehler,
Shojania, & Badii, 2007; Lee et al., 2010; Rees, Tombaugh, & Boulay, 2001). However,
there are some studies that do suggest a link between depression and performance
validity. Returning to the 2002 study by Rohling, Green, Allen, and Iverson (2002), the
authors found that individuals suspected of low effort on the WMT or an additional PVT,
the Computerized Assessment of Response Bias, exhibited significantly higher scores on
the Beck Depression Inventory than participants who clearly passed the PVTs. However,
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among individuals who were depressed but still passed both PVTs, there were no
significant differences in WMT effort subtest performances between participants with a
low level of depressive symptoms and those with a high level. These findings highlight
an association between self-reported depression and effort which may indicate that
people who yield low effort may be more likely to report higher mood symptoms, or that
individuals with genuine mood symptoms are at a higher risk of inadequate effort.
Similar results have been found in military samples. Armistead-Jehle (2010) observed
that in a sample of 45 veterans with a self-reported history of primarily blast-related TBI,
58% failed the MSVT. Follow-up analyses indicated that 69% of the individuals who
failed the MSVT had a self-reported history of depression in addition to TBI. The author
interpreted these findings as support for the idea that individuals who are both depressed
and show PVT failures are “prone to symptom exaggeration”. These findings were
replicated in a large multi-site study with 214 active and veteran military service
members. In this investigation, McCormick, Yoash-Gantz, McDonald, Campbell, &
Tupler (2013) found that WMT failure rates were higher for individuals whose cognitive
evaluation could inform secondary benefits (research-clinical group) as opposed to a
purely research-related evaluation. In addition to the importance of evaluation context
the authors also observed that WMT failure rates were higher for individuals who
surpassed the cutoff for depression on the Beck Depression Inventory – II (BDI-II; Beck,
Steer, & Brown, 1996). Specifically, in the research-clinical group 58% of depressed
individuals failed the WMT as opposed to 31% for non-depressed patients. Furthermore,
the research-only group not only showed a lower WMT failure rate overall, but the
potential influence of depression also appeared to be lower (17% failure for depressed
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individuals and 14% for non-depressed). The authors concluded that depressed
participants who fail PVTs may be prone to “offering overt demonstration” of subjective
deficits in order to exaggerate their mood status.
Despite mixed evidence regarding a direct relationship between depression and
effort, there is some evidence that depression may have at least an indirect influence on
performance validity in TBI assessment. Previous research suggests that depression is
closely associated with negative cognitive biases (Everaert, Koster, & Derakshan, 2012;
Foland-Ross & Gotlib, 2012; Hoerger, Quirk, Chapman, & Duberstein, 2012), which
may exacerbate cognitive and somatic complaints that are largely unrelated to objective
neuropsychological ability (Armistead-Jehle, 2010). Given that depression and TBI are
highly comorbid and frequently present with similar complaints (Bryant et al., 2010;
Koponen et al., 2002; Rosenthal et al., 1998; Rapoport et al., 2003a), it may be that
individuals with TBI are at a higher risk for depression-related biases about their physical
and cognitive limitations. This is supported by a recent finding that among 100
individuals reporting high post-concussive symptoms on the Rivermead Post-Concussion
Symptoms Questionnaire, subjective cognitive complaints on the Behavior Rating of
Executive Functions - Adult version were significantly related to depressive symptoms as
outlined on the BDI – II (Stillman, Madigan, Torres, Swan, & Alexander, 2020). Given
that high perceived illness severity predicts invalid performance as mentioned previously
(Henry et al., 2018), as well Stillman et al.’s observation that depression is strongly
associated with subjective cognitive problems, it may be that even if reported depression
levels do not consistently predict effort they may exacerbate factors that have been
observed to do so, such as perceived injustice (Iverson et al., 2018).
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In summary, perceived injustice is a threat to the physical and mental well-being
of individuals who have sustained traumatic injuries such as concussion. Specifically,
literature suggests that it has detrimental effects on rehabilitation outcomes. However,
very little research has focused on its relationship to neuropsychological evaluations
which are a fundamental aspect of TBI rehabilitation. This is particularly important with
respect to neuropsychological performance validity, which is crucial to accurate
rehabilitation planning but also sensitive to factors such as secondary gain following TBI.
When “faking bad” at the cognitive level does occur, it is likely to do so in conjunction
with elevated or noncredible endorsement of psychological problems.
While one study has reported an association between perceived injustice and
invalid neuropsychological performance (Iverson et al., 2018), no follow-up analyses
have been attempted in terms of replicating these results, explaining how they might
occur, or adjusting for statistical assumptions violated by the non-normal spread of PVT
data. Depression may be a factor in the relationship between perceived injustice and
effort given the high correlation between perceived injustice and depressive symptoms, as
well as findings indicating that depression may exacerbate factors associated with invalid
performance. Therefore, in the present study I will examine whether perceived injustice
predicts performance validity in the context of neuropsychological evaluation for
individuals with concussion, and if self-reported depression moderates that relationship.

The Present Study
The present study seeks to investigate whether a) people’s level of perceived
injustice is significantly associated with performance validity in the context of
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comprehensive neuropsychological assessment following mild traumatic brain injury, and
b) whether this relationship depends on patients’ depression symptom severity. Broadly, I
expect high injustice appraisals to predict performance on effort subtests within a wellvalidated, standalone PVT. I also expect that the respective magnitudes of each of the
relationships between perceived injustice ratings and effort subtest scores depend on
respondents’ levels of depression.
Hypotheses
First, I hypothesize that depressive symptoms will positively predict participants’
total levels of perceived injustice (Hypothesis 1) given these variables’ frequent cooccurrence in the literature. Second, I hypothesize that patients’ total perceived injustice
scores, as well as their subscale data, will negatively predict mean WMT effort scores
(Hypothesis 2).
Third, I hypothesize that depressive symptoms will moderate the relationships
between perceived injustice and mean WMT effort scores (Hypothesis 3). Specifically, I
predict that for each of these hypotheses, the moderation will be such that the negative
relationship between perceived injustice and effort will be stronger at higher levels of
depressive symptoms. Figures 1-3 depict the hypothesized theoretical models of direct
and moderating effects between the variables.

Figure 1
Conceptual and statistical diagrams of perceived injustice predicting effort on a formal
effort measure, moderated by reported depression symptoms.
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– METHODS
Recruitment
For this study, 52 individuals presenting for a comprehensive neuropsychological
evaluation were recruited. Participants were mostly female (73.10%) and Caucasian
(76.92%), ranged from 19 to 73 years of age (M = 46.40, SD = 14.88), and had received
at least two years of college education (M = 15.14, SD = 2.20). Of these, 98.10% had
received a mild traumatic brain injury diagnosis from a medical doctor (n = 51), with one
participant having received a Mild Cognitive Impairment (MCI) diagnosis following a
motor vehicle collision from a physician prior to the evaluation. Due to variability in
available clinical records, no other inclusion or exclusion criteria were utilized. Time
since injury ranged from 92 to 1,465 days (M = 522.60, SD = 307.82); this information
was missing for two individuals who were excluded from this aspect of the analysis. The
sample consisted of individuals who completed a clinical evaluation with the knowledge
that they had retained an attorney with relation to the incident resulting in their diagnosed
concussion (n = 28), Labor & Industry workplace injury cases (n = 13), forensic
evaluations (n = 4), and clinical evaluations without attorney involvement (n = 4). This
information was missing for three individuals, whose litigation status data were excluded
from this aspect of the analysis. All participants had complete data otherwise, including
outcome variable measures.
Sample size, power, and precision. In order to minimize risks posed by a small
sample size for moderation analysis as well as Type II error, I conducted a power analysis
in G*power to determine an adequate sample size to detect a medium effect size
(Cohen’s f2 = .15), with α = 0.05, and power of .80. Based on the results of the power
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analysis I expected to recruit at least 55 participants, assuming 3 predictors (perceived
injustice, depression, perceived injustice × depression) in moderated multiple regression.
Although my final sample size was smaller than expected (N = 52), a follow-up
sensitivity analysis indicated that a medium effect size (Cohen’s f2 = .23) was still
appropriate for use in this study.
Procedure
The present study employed a cross-sectional design. Participants consisted of
individuals who had been diagnosed with a concussion by their physician and were
presenting for a comprehensive neuropsychological evaluation to determine their current
cognitive and emotional functioning. All testing was conducted by trained
psychometrists or Master’s level doctoral students, incorporated both standalone and
embedded PVTs, and took place in a private practice setting from 2019 to 2021. Potential
participants were invited to complete additional paper-and-pencil measures of selfefficacy, coping, and perceived injustice following their pre-testing clinical interview, or
after testing was over. For this study only the perceived injustice data were analyzed.
Perceived injustice scores were obtained by adding raw numerical item responses as
specified by the instrument manual. Participation was completely voluntary; participants
did not receive compensation for participation.
While perceived injustice was measured using a paper-and-pencil survey, formal
performance validity testing (i.e., Green’s Word Memory Test) was administered on a
computer. With regard to validity interpretation a continuous effort outcome was
calculated by averaging Immediate Recognition, Delayed Recognition, and Consistency;
higher scores reflect a higher level of effort (Green, 2007; Sherer et al., 2015).
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Measures
Beck Depression Inventory – II (BDI-II; Beck, Steer, & Brown, 1996)
The BDI-II was designed to provide an updated version of the Beck Depression
Inventory (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961). It is a widely used and
well-validated self-report measure of physical, cognitive, and emotional depressive
symptoms over the last 14 days. It contains 21 items, with each item relating to an
individual depression symptom such as feelings of sadness, concentration problems, and
fatigue, among others. There is also one item related to suicidality. On each item
respondents are asked to rate the severity of their experiences with that symptom on a
four-point Likert scale of 0 to 3, with higher ratings reflecting increased symptom
severity. Because items vary in symptom content, statements assigned to numerical
ratings within each item also vary; see Beck, Steer, & Brown (1996) for additional
details. The number selected by the respondent reflects the number of points they receive
for that item. Items related to changes in sleep and appetite are divided into seven
options (0, 1a, 1b, 2a, 2b, 3a, and 3b) but only one item is selected, and scoring remains
the same as the other items. Following administration the responses to each item are
summed, which yields a raw total score ranging from 0 to 63. Specifically, scores from
0-13 points represent the normal or “Minimally Depressed” range, 14-19 is considered
“Mildly Depressed”, 20-28 is described as “Moderately Depressed”, and scores from 2963 fall into the “Severely Depressed” range (Beck, Steer, & Brown, 1996).

PERCEIVED INJUSTICE AND PERFORMANCE VALIDITY
47
Beck et al. (1996) found that the BDI-II showed high internal consistency in a
sample of 120 college students (α = .93) and 500 adult outpatient participants (α = .92).
Test-retest reliability was calculated using responses from 26 outpatient therapy clients
who completed the BDI-II twice (one week apart); reliability was high and significant (r
= .93, p < .001). Convergent validity was established by providing the BDI-1A and
BDI-II to 191 outpatients in a counterbalanced manner. The correlation between both
measures was high (r = .93, p < .001), indicating that construct validity is adequate for
the BDI-II (Beck, Steer, & Brown, 1996). Reliability coefficients were not calculated in
this sample because our database only included each participant’s BDI-II Total score.
Based on my literature review, the BDI-II’s psychometric properties among clinical
samples reporting post-concussive symptoms have not been explored.
A more recent review (Wang & Gorenstein, 2013) incorporating 118 studies of
the BDI-II confirmed that it possesses high internal consistency (α = .90), with adequate
test-retest reliability (r = .73 to .96). Convergent validity between the BDI-II and BDI
was high (r = .82 to .94). While its convergent validity with other depression
assessments such as the Center for Epidemiologic Studies of Depression (CES-D), the
Hamilton Depression Rating Scale (HAM-D), the Zung Self-Rating Depression Scale
(SDS), the Montgomery-Åsberg Depression Rating Scale (MADRS), and the Geriatric
Depression Scale (GDS) showed more variability, convergent validity was largely
acceptable (r = .66 to .86). It has also shown good discriminant validity with measures of
substance use, chronic pain, and suicidality, with most studies reporting low (r < .4)
correlations (Beck, Steer, & Brown, 1996; Dum, Pickren, Sobell, & Sobell, 2008; Harris
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& D’Eon, 2008; Hepner, Hunter, Edelen, Zhou, & Watkins, 2009; Osman, Barrios,
Gutierrez, Williams, & Bailey, 2008).
Injustice Experience Questionnaire (IEQ; Sullivan, 2008)
The IEQ is a 12-item self-report measure of perceived injustice in people who
have sustained musculoskeletal injuries, and has received increased cross-cultural
attention in the last several years (Kennedy & Dunstan, 2013; la Cour, Smith, & Schultz,
2015; Sullivan, 2008; Yamada et al., 2016). Each item on the IEQ relates to a particular
thought or feeling that respondents may have about the unfairness of their injury. On
each item respondents are asked to rate how frequently they experience those thoughts
and feelings on a scale of 0 (never) to 4 (all the time). Similar to the BDI-II, the number
they select reflects the number of points they receive for that item. Example items
include statements such as “Most people don’t understand how severe my condition is”,
“I am suffering because of someone else’s negligence”, and “I worry that my condition is
not being taken seriously”. Following administration a total score is calculated using the
sum of the numbers selected for each item; this value ranges from 0-48, with higher
scores indicating higher levels of perceived injustice. A total of 30 and above is
suggestive of “clinically relevant” levels of perceived injustice, which is in turn
associated with problematic outcomes such as prolonged perceived disability,
unemployment, and depression (Sullivan, 2008).
The IEQ was validated using a two-study design (Sullivan et al., 2008). In Study
1 the IEQ was administered to a group of 226 patients with musculoskeletal conditions
following motor vehicle accidents (n = 163) or occupational accidents (n = 63). Principal
components analysis (PCA) yielded a two-factor solution comprised of
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severity/irreparability of loss as well as blame/unfairness, which the authors described as
distinct constructs but “inherently linked” (r = .45, p < .01). Severity/irreparability
accounted for a larger proportion of the total variance (54%), while blame/unfairness
accounted for 9%. The IEQ was subsequently split into two subscales labeled in
accordance with each factor (Sullivan, 2008). Results also showed that the IEQ had high
internal consistency (α = .92). Following PCA, discriminant validity was measured by
comparing IEQ scores between occupational accident and motor vehicle accident
survivors, with the expectation that the latter group would show higher levels of
perceived injustice due to the involvement of other drivers. Given that injury
severity/irreparability was a distinct construct within the IEQ, the authors also
hypothesized that the IEQ would be related to depressive symptoms, which was
measured using the BDI-II. As expected the motor vehicle accident group scored
significantly more highly on the IEQ than the work accident group, t(224) = 4.3, p < .001,
but not on the BDI-II, t(224) = 1.6, ns, although IEQ scores were positively associated
with BDI-II scores (r = .66, p < .01). In other words, perceived injustice was
significantly linked with depression overall, even though levels of perceived injustice
varied within the sample depending on injury context. The authors interpreted the results
of these cross-sectional analyses as evidence for adequate construct validity in the IEQ.
In Study 2, the IEQ was administered on two separate occasions to patients with chronic
pain who were participating in a functional restoration rehabilitation program (n = 70) in
order to evaluate its test-retest reliability, which was high (r = .90, p < .01). In summary,
the IEQ has shown high internal consistency, test-retest reliability, and acceptable
construct validity as a perceived injustice measure in the context of post-traumatic
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musculoskeletal pain. In the present study, the IEQ showed excellent reliability overall
(Cronbach’s α = .91), with acceptable reliability for each subscale (Blame/Unfairness
Cronbach’s α = .84; Severity/Irreparability Cronbach’s α = .84).
Green’s Word Memory Test (WMT; Green, 2003; Green, Allen, & Astner, 1996)
The WMT is a widely-used performance validity measure. It is available in 17
languages, and has been used or validated in cognitive evaluations for children and adults
as well as individuals with conditions such as head injuries (and head injury litigants),
dementia, chronic pain, schizophrenia, self-reported depression, multiple sclerosis,
neurodevelopmental disabilities, and fibromyalgia, with some recent studies investigating
its utility with regard to epilepsy (Carone, Green, & Drane, 2013; Dunn et al., 2003;
Eichstaedt et al., 2014; Graver & Green, 2020; Green et al., 1996; Green, 2003; Green &
Flaro, 2003; Green, Iverson, & Allen, 1999; Green, Lees-Haley, & Allen, 2002; Green,
Montijo, & Brockhaus, 2011; Gervais, Green, Allen, & Iverson, 2001; Gervais, Green,
Russell, Pieschl, & Allen, 2000; Gervais, Russell, Green, Allen, Ferrari, & Pieschl, 2001;
Gorissen, Sanz, & Schmand, 2005; Green & Iverson, 2001; Iverson, Green, & Gervais,
1999; Green, Iverson, & Allen, 1999; Rohling, 2000; Soble et al., 2015). The WMT has
also been favorably compared against other PVTs such as the CARB and the TOMM
(Gervais, Rohling, Green, & Ford, 2004; Green, Berendt, Mandel, & Allen, 2000), as
well as some cognitive measures which have been found to be sensitive to low effort,
such as the CVLT and Halstead Category Test (Rohling, Green, & Allen, 2000;
Williamson, Green, Allen, & Rohling, 2000).
In terms of structure, the part of the WMT measuring effort presents a
computerized list learning task consisting of 20 word pairs (e.g., “pig-bacon”) which
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patients see for six seconds. The test begins by presenting the word pairs list twice; these
presentations are followed by an immediate recognition (IR) trial. During IR patients are
shown new word pairs, each of which contain only one of the words from the original list
with the other word serving as a foil (e.g., “cow-pig”). The patient is required to choose
the word from the original list in each new pair. After a 30-minute delay which is filled
using other assessment measures or tasks, a delayed recognition (DR) subtest is
administered. DR is similar to IR but uses different foil words (e.g., “feed-pig”).
Following DR the WMT program calculates a score (Consistency, or CNS) reflecting the
consistency of one’s responses between IR and DR. Final IR, DR, and CNS scores are
reflected as percentiles, with higher values indicating a higher level of effort and scores
of 82.5 or below reflecting invalid performance. Next, another set of tests is presented.
The multiple choice task (MC) presents one word from each pair and requires the patient
to identify the other from a set of eight options. The paired associate learning (PA) test
requires the psychometrist to read one word from each pair to the patient, who must then
produce the second word. Finally, during delayed free recall (FR), the patient is asked to
state as many of the words from the original list as possible, in any order. There is also
an optional long-delay free recall (LDFR) task which is the same as FR but administered
20 minutes later. MC, PA, FR, and LDFR are designed to assess verbal memory as
opposed to effort; therefore, the WMT yields three response bias indicators (IR, DR, and
CNS) and three or four ability measures depending on whether LDFR is administered
(MC, PA, FR, and LDFR). For this study only scores from IR, DR, and CNS were used
due to my primary interest in effort. IR, DR, and CNS are known as the WMT’s effort
subtests as they have been observed to show mean pass rates of 90-95% with individuals

PERCEIVED INJUSTICE AND PERFORMANCE VALIDITY
52
who have significant neurologic problems such as moderate to severe brain injuries and
brain tumors (Green et al., 1996; Green et al., 1999), neurotypical children with at least a
third grade reading level (Flaro, Green, & Allen, 2000; Green & Flaro, 2003), and both
adults and children with severe neurodevelopmental delays, including low IQs of 46-75
(Carone, 2014; Chafetz & Biondolillo, 2012; Green & Flaro, 2015; Green & Flaro, 2016).
In the event that a patient with genuine cognitive difficulties must take the WMT, the test
program also has a genuine memory impairment profile (GMIP), which has been found to
effectively discriminate between malingerers and individuals with mild cognitive
impairment (Alverson, O’Rourke, & Soble, 2019). In addition, while some individuals
with dementia fail on the effort indicators, they have been observed to do so in a unique
manner consistent with neurodegenerative impairment, which the WMT accounts for
through the inclusion of a built-in dementia profile (Rienstra, Twennaar, & Schmand,
2013). Profile analyses of patients with dementia yielded a specificity rate of 98.4% or
higher for both the WMT and MSVT, which is essentially a short form of the WMT. In
other words, the likelihood of a false positive finding for low effort is very low, even
among people who fail effort indicators due to serious cognitive impairment. In
summary, the WMT is one of the most widely-researched and widely-used PVTs. It has
a large normative base, and has been described as an indispensable component of
neuropsychological evaluation (Hartman, 2002). Based on my review of the literature it
is a sufficient measure of performance validity for the current study.
Data Analytic Plan
Overview of Statistical Approach
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Initial data preparation requires scoring the IEQ and BDI-II for each patient by
summing the total scores as specified in their respective test manuals (Beck, Steer, &
Brown, 1996; Sullivan, 2008). For the IEQ, the Blame/Unfairness and
Severity/Irreparability susbcale scores are calculated by summing the raw scores of
particular item sets. This information is specified in the instrument manual (Sullivan,
2008). WMT scores are divided by subtest (IR, DR, CNS, MC, PA, and FR) and
obtained from automated score sheets courtesy of Green’s Test Platform for each patient.
Any participants who did not complete the WMT (i.e., if they received an alternative
standalone PVT during assessment) will be excluded. All scores were then entered into
Microsoft Excel 2010, where an average WMT effort score was calculated for each
participant: (IR+DR+CNS)/3. This yielded a continuous WMT effort indicator (WMTEI) as recommended by Green (2007) when preparing WMT data for regression analysis.
All data were then exported to SPSS.
Pearson’s bivariate correlations were first conducted between demographic and
major variables to identify variables necessary to control for during regression. To test
Hypotheses 1 and 2, regression coefficients will be calculated between the IEQ, BDI-II,
and WMT-EI scores. Given a priori concerns that WMT-EI scores would not fit a
normal distribution, analyses incorporating WMT-EI data replaced ordinary least squares
regression with quantile regression. Briefly, quantile regression makes no assumptions
about the distribution of dependent variables and is resistant to outliers (Garson, 2014;
Huang, Zhang, Chen, & He, 2017). It models the relationship between a given predictor
variable and of the outcome variable based on conditional medians by varying more than
one regression slope across quantiles of the outcome (Garson, 2014). In other words, by
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allowing the slopes of the regression line to vary across quantiles, quantile regression
allows for the exploration of different aspects of the relationship between the independent
and dependent variables in datasets with a non-normally distributed dependent variable.
In doing so, quantile aggression allows for the analysis of group differences across the
entire distribution of a given dependent variable rather than the mean alone (Le Cook &
Manning, 2013). For this study the .25th, . 50th, and .75th quantiles were analyzed when
performance validity served as the outcome variable. To my knowledge this is is the first
study to examine performance validity scores using quantile regression. Therefore, given
the study’s exploratory nature, small sample size, and lack of previous relevant literature,
the quantiles utilized were selected based on their ability to generate evenly-sized groups
without making them small enough to inflate the chances of Type I or Type II errors.
In the next step, I initially planned to conduct a moderated multiple regression
analysis testing depression symptoms as a moderator between perceived injustice and
neuropsychological effort. This would have involved using the PROCESS macro for
SPSS (Hayes, 2013) to examine the moderation model I hypothesized above using Model
1 (see Figure 1 for conceptual and statistical diagrams of PROCESS Model 1).
Originally, I planned three separate models predicting performance validity (i.e., the
average WMT score) as the outcome variable, perceived injustice (IEQ total score in
Study 1, IEQ Blame/Unfairness in Study 2, and IEQ Severity/Irreparability in Study 3) as
the predictor, and depression (BDI-II total score) as the moderator in all three analyses.
However, the PROCESS macro for SPSS is incapable of processing data in conjunction
with quantile regression. Due to the importance of quantile regression to measuring my
outcome variable, I performed an adapted version of quantile regression-based
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moderation. This was based on the method used by Hajovsky, Mason, & De Jong (2018)
which, to my knowledge, is the only published study combining these forms of analysis.
Briefly, I divided my sample into depressed and non-depressed participants using the
BDI-II’s empirical cutoffs because depression was my moderator. Separate quantile
regressions between perceived injustice and WMT-EI scores were conducted in each
subsample.
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- RESULTS
Preliminary Analyses
Preliminary data pre-screening included evaluating normality assumptions (e.g.,
calculating skew and kurtosis) and outlier analysis across major variables (i.e., IEQ, BDIII, and WMT Effort Index scores). Consistent with expectations, the only major variable
with a non-normal distribution was the Word Memory Test Effort Index, with a skewness
value of -1.499 and a kurtosis value of 2.971. Other major variables showed a univariate
skew ranging from -.307 to .382. Kurtosis ranged from -.803 to -.465 which was within
normal limits. Means and standard deviations for each variable are represented in Table
1. The dataset consisted of 52 participants, representing a partially-collected dataset for
this study. There was zero missing data among major variables (i.e., IEQ, BDI-II, and
WMT), but five individuals were missing either litigation status or time since injury in
their demographic data as noted previously.
Table 1.
Means and Standard Deviations of Main Predictors and Outcomes
Range

Measure

M

SD

46.00

24.58

10.48

0.00

22.00

10.14

5.66

IEQ-S

3.00

24.00

14.44

5.33

BDI-II

0.00

45.00

19.06

11.80

WMT-EI

75.00

100.00

95.30

5.25

Min

Max

IEQ-T

4.00

IEQ-B

Bivariate correlations between all variables for which data were collected are
displayed in Table 2; the sample was bootstrapped using 5,000 cases. Briefly, depression
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and time since injury were significantly correlated with total and subscale scores on the
IEQ. Because of this, logistic regression was conducted when evaluating Hypothesis 1 to
determine whether depression would significantly predict perceived injustice when
controlling for time since injury. The correlation between WMT-EI scores and the IEQ-T
approached statistical significance (r = -.274, p = .063). The WMT-EI was significantly
correlated with the IEQ’s Blame/Unfairness subscale (r = -.303, p = .039). Given the
near-significance of the IEQ-T coefficient as well as a priori hypotheses, I continued to
utilize IEQ-T scores as an effort predictor in my analyses. No significant correlations
were observed between performance validity and the other variables measured.

Table 2.
Bivariate Correlations
Variable
1
2
11
1. Age
--.18
.21
2. Gender
--.25
3. Education
.17
4. Ethnicity
-.14
5. Litigation
-.06
6. Time Since Injury (Days)
-.03
7. IEQ-T
-.27
8. IEQ-B
-.30*
9. IEQ-S
-.22

3

4

5

6

7

8

9

10

-.05

-.04

.16

.26

.18

.15

.19

-.04

.12

-.05

-.22

-.08

.00

-.05

.05

.06

--

.16

-.06

.06

.02

.06

-.02

-.04

--

-.05

.05

-.06

-.04

-.08

.01

--

.19

.12

.13

.10

.11

--

.39** .39** .35*
--

.02

.95** .95** .59**
--

.81** .50**
--

.63**
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10. BDI-II Total
--.26
11. WMT-EI
-Note. *p <.05, ** p<.01. Litigation = Attorney involvement; IEQ-T = IEQ Total Score;
IEQ-B = IEQ Blame/Unfairness subscale score; IEQ-S = IEQ Severity/Irreparability
subscale score; BDI-II Total = Beck Depression Inventory – II Total Score; WMT-EI =
Word Memory Test Effort Index, (IR+DR+CNS) / 3.
For linear regression and moderation analyses, I used a bootstrapped sample with
5,000 cases to address the abnormal distribution of my outcome variable. For quantile
regression analyses, I initially included covariates in the models (i.e., gender, age, years
of education, litigation status, and time since injury). Of these, only years of education
and litigation status were significant covariate effort predictors. However, given that a)
including both of these variables in the models reduced the size of my dataset and b)
neither of these variables were significantly correlated with WMT-EI scores to begin
with, even after bootstrapping, I report the models without covariates to preserve degrees
of freedom and statistical power. This also reduced the chances of a Type II error
occurring due to an over-controlled model.
Hypothesis 1: Depressive symptoms positively predict perceived injustice
levels. To evaluate this hypothesis, I evaluated the basic relationships between BDI-II
scores and scores for both total and subscale ratings on the IEQ. Given that both BDI-II
scores and time since injury were significantly correlated with IEQ scores, I conducted
hierarchical linear regression to ascertain whether depression significantly improves upon
time since injury’s ability to predict perceived injustice. As hypothesized (See Table 3),
depression significantly predicted perceived injustice ratings on IEQ-T and IEQ-B even
after controlling for the influence of time since injury. In other words, individuals
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reporting a higher level of depressive symptoms endorsed higher injustice appraisals,
particularly among individuals with a higher number of blame cognitions. On the other
hand, IEQ-S scores were not significantly predicted by depressive symptoms.
Hypothesis 2: Perceived injustice negatively predicts neuropsychological effort. In
this step, I examined whether different aspects of perceived injustice significantly
predicted WMT-EI scores at distinct quantiles within this variable’s distribution. As
noted, I ran these models without covariates due to results from my preliminary analyses
as well as power considerations. This resulted in three analyses, each of which had
WMT-EI as the dependent variable and only differed in their predictor. In the first model,
total IEQ score was the predictor. The Blame/Unfairness and Severity/Irreparability IEQ
subscales were the predictors in the second and third models, respectively. Each model
was run separately due to the subscales comprising part of the total IEQ score. For each
regression, I investigated the predictors’ effect on WMT-EI scores at the .25th, .5th, and
.75th quantiles. Overall, results were mixed (see Table 4). Although IEQ-T and IEQ-B
negatively predicted effort at the .25th and .5th quantiles, this relationship was only
significant at the .25th quantile. No effect was observed at the .75th quantile. However,
IEQ-S was negatively related to, but not significantly predictive of, WMT-EI at any
quantile. In other words, individuals reporting higher levels of perceived injustice,
particularly injustice appraisals with high blame cognitions, were more likely to score at
the lowest end of effort observed in this sample. However, injustice attitudes based on a
sense of severe or permanent harm did not significantly predict performance validity. See
Figures 2-3 for a visual representation of the quantile regression results.
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Figure 2
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Quantile regression of the continuous WMT effort indicator on overall perceived

injustice.

Figure 3
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Quantile regression of the continuous WMT effort indicator on feelings of blame and

unfairness.

Hypothesis 3: Depression moderates the relationship between perceived
injustice and effort. In the next step, I conducted a moderated multiple regression
analysis testing depression symptoms as a moderator between perceived injustice and
neuropsychological effort. Upon further investigation, I discovered that the PROCESS
macro for SPSS is incapable of processing data in conjunction with quantile regression.
Due to the importance of quantile regression to measuring my outcome variable, I
performed an adapted version of quantile regression-based moderation. This was based
on the method used by Hajovsky, Mason, & De Jong (2018) which, to my knowledge, is
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the only published study combining these forms of analysis. Briefly, I divided my sample
into depressed and non-depressed participants using the BDI-II’s empirical cutoffs. This
resulted in 33 participants who scored in the Mildly Depressed range, and 19 individuals
who scored in the “Minimally Depressed” (i.e., normal) range on the BDI-II. I then
conducted the same set of quantile regressions as described in the previous section for my
depressed and non-depressed subsamples. There was no statistical evidence that the
relationships between perceived injustice and performance validity were dependent on
participants’ depressive symptoms. In fact, there were no statistically significant
relationships between any aspect of perceived injustice and performance validity observe
at any quantile when the sample was divided by depressive symptom status. See Tables
5-6 for these data.
Table 3.
Regressions of Perceived Injustice on Depression, Controlling for Time since
Injury
Outcome
Predictor
B
SE
T
p
LLCI ULCI
IEQ-T
BDI-II Total
0.44
.10
4.22 < .001
.23
.65
TSI
0.01 < .01 2.74
.01
< .01
.02
IEQ-B

BDI-II Total
TSI

.19
.01

.06
< .01

3.25
2.63

< .01
.01

.07
.001

.31
.01

IEQ-S

BDI-II Total
.24
.05
4.72 < .001
.14
.35
TSI
.01 < .01 2.47
.02
< .01
.01
Note. BDI-II = Beck Depression Inventory - II; TSI = Time since injury (in days).

Table 4.
Quantile Regressions of Performance Validity on Perceived Injustice
Outcome
Predictor
Quantile
B
SE
t
WMT-EI
IEQ-T
0.25
-.25
0.11 -2.34

P
.02

LLCI
-.47

ULCI
-.04
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WMT-EI

IEQ-B

WMT-EI

IEQ-S

0.50
0.75

-.08
-8.88-16

.10
.03

-.82
.00

.42
1.00

-.29
-.05

.12
.05

0.25
0.50
0.75

-.56
-.17
-6.15-16

.19
.19
.05

-2.94
-.88
.00

.01
.39
1.00

-.94
-.55
-.10

-.18
.22
.10

0.25
-.36
.22 -1.61 .11
-.80
.09
0.50
-.11
.21
-.53
.60
-.53
.31
-15
0.75
-1.51
.05
.00
1.00
-.10
.10
Note. WMT-EI = Word Memory Test Effort Index; IEQ-T = Total IEQ score; IEQ-B = IEQ
Blame/Unfairness subscale; IEQ-S = IEQ Severity/Irreparability subscale.

Table 5.
Quantile Regressions of Performance Validity on Perceived Injustice among Non-Depressed
Individuals
Outcome
Predictor
Quantile
B
SE
t
p
LLCI ULCI
-16
WMT-EI
IEQ-T
0.25
-3.05
0.24 0.00 1.00
-.50
.50
-16
0.50
-8.88
.13
0.00 1.00
-.27
.27
-16
0.75
-3.22
.03
0.00 1.00
-.07
.07
WMT-EI

IEQ-B

0.25
0.50
0.75

0.00
.0.00
-4.44-16

.46
.24
.07

0.00
0.00
0.00

1.00
1.00
1.00

-.97
-.52
-.14

.97
.52
.14

0.25
-8.88-16
.45
0.00 1.00
-.96
.96
-16
0.50
-4.20
.24
0.00 1.00
-.51
.51
-16
0.75
-9.87
.06
0.00 1.00
-.14
.14
Note. WMT-EI = Word Memory Test Effort Index; IEQ-T = Total IEQ score; IEQ-B = IEQ
Blame/Unfairness subscale; IEQ-S = IEQ Severity/Irreparability subscale.
WMT-EI

IEQ-S

Table 6.
Quantile Regressions of Performance Validity on Perceived Injustice among Depressed
Individuals
Outcome
Predictor
Quantile
B
SE
t
p
LLCI ULCI
WMT-EI
IEQ-T
0.25
-.28
.39
-.71
.48
-1.07
.52
0.50
-.21
.15 -1.42 .17
-.51
.09
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WMT-EI

IEQ-B

0.75

.05

.07

.71

.49

-.01

.20

0.25
0.50
0.75

-.39
-.44
2.43-15

.67
.25
.11

-.59
-1.79
0.00

.56
.08
1.00

-1.75
-.95
-.23

.97
.06
.23

0.25
-8.07-17
.84
0.00 1.00 -1.71
1.71
0.50
-.15
.35
-.43
.67
-.87
.56
-16
0.75
4.44
.14
0.00 1.00
-.29
.29
Note. WMT-EI = Word Memory Test Effort Index; IEQ-T = Total IEQ score; IEQ-B = IEQ
Blame/Unfairness subscale; IEQ-S = IEQ Severity/Irreparability subscale.
WMT-EI

IEQ-S

Post-Hoc Analyses
Following my core analyses, I conducted exploratory post-hoc testing in light of
my previous results. Findings are described below.
Time since injury and depression as effort predictors. Time since injury and
depression were significantly correlated with all three perceived injustice indicators in
my preliminary analyses. Given this information, I became interested in determining
whether these variables behaved similarly to perceived injustice in terms of predicting
performance validity across the entirety of my sample. Regression and significance
values for these relationships at all quantiles can be seen in Tables 7-8. I analyzed the
basic relationships between time since injury and WMT-EI scores, as well as BDI-II and
WMT-EI scores. These analyses were conducted separately using the same quantile
regression model I had used to evaluate the relationships between IEQ-T, IEQ-B, and
IEQ-S and WMT-EI. In order to optimize equivalence between core and post-hoc
analyses, no covariates were included in these models. Results indicated no significant
relationships between time since injury and neuropsychological effort at any quantile.
However, depression was significantly negatively associated with effort at the .75th
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quantile (See Tables 7-8 and Figure 4). This was in contrast to IEQ-T and IEQ-B scores,
which only demonstrated significant negative relationships with WMT-EI scores at the
.25th quantile. This is consistent with research indicating that depression and perceived
injustice are similar, but ultimately distinct, constructs (Monden et al., 2019); this
relationship may have applied to these variables’ associations with performance validity
in this sample. See Tables 7-8.

Figure 4
Quantile regression of the continuous WMT effort indicator on self-reported depressive
symptoms.
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Perceived injustice as a moderator of the relationship between depression
and performance validity. Given the observed relationships between depression and
effort described above, my next analysis involved rearranging my proposed moderation
model. Specifically, I modified it to place perceived injustice in the moderator position,
causing depression to be my predictor variable. WMT-EI scores continued to be my
dependent variable. Additionally, I divided my sample into low- (n = 35) and high- (n =
17) perceived injustice groups based on the 30-point IEQ-T cutoff described by Sullivan
(2008), as opposed to non-depressed and depressed subsamples. Among individuals with
low perceived injustice levels, a small but significant negative relationship existed
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between depression and effort at the .75th quantile. There were no significant
relationships between depression and effort at any quantile among individuals reporting
high levels of perceived injustice. See Tables 9-10.
Table 7.
Quantile Regressions of Performance Validity on Depression
Outcome
Predictor
Quantile
B
SE
t
p
LLCI ULCI
WMT-EI
BDI-II
0.25
-.22
.12 -1.90 .06
-.46
.01
0.50
-.17
.09 -1.94 .06
-.34
.01
0.75
-.07
.03 -2.14 .04
-.13
.00
Note. WMT-EI = Word Memory Test Effort Index; BDI-II = Beck Depression Inventory-II
total score.
Table 8.
Quantile Regressions of Performance Validity on Time since Injury
Outcome
Predictor
Quantile
B
SE
t
p
LLCI
WMT-EI
TSI
0.25
.00
.01
-.45
.65
-.01
0.50
.00
.00 -1.00 .32
-.01
0.75
.00
.00
-.99
.33
.00
Note. WMT-EI = Word Memory Test Effort Index; TSI = Time since Injury (in days).

ULCI
.01
.00
.00

Table 9.
Quantile Regressions of Performance Validity on Depression among Individuals with Low
Perceived Injustice
Outcome
Predictor
Quantile
B
SE
t
p
LLCI ULCI
WMT-EI
BDI-II
0.25
-.19
.39
-.47
.64
-.99
.62
-16
0.50
-.6.17
.11
.00
1.00
-.23
.23
0.75
-.08
.04 -2.27 .03
-.15
-.01
Note. WMT-EI = Word Memory Test Effort Index; BDI-II = Beck Depression Inventory-II
total score. These analyses were conducted in the subset of my sample with IEQ-T < 30.
Table 10.
Quantile Regressions of Performance Validity on Depression among Individuals with High
Perceived Injustice
Outcome
Predictor
Quantile
B
SE
t
p
LLCI ULCI
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0.25
1.39-16
.09
.00
1.00
-.20
.20
0.50
-.25
.16 -1.57 .14
-.58
.09
-17
0.75
6.94
.16
.00
1.00
-.33
.33
Note. WMT-EI = Word Memory Test Effort Index; BDI-II = Beck Depression Inventory-II
total score. These analyses were conducted in the subset of my sample with IEQ-T > 30.
WMT-EI

BDI-II

– DISCUSSION
Purpose of the Study
The purpose of the present study was to analyze how aspects of perceived
injustice are related to neuropsychological performance validity among individuals
diagnosed with a mild traumatic brain injury, and if this association depends on the level
of depressive symptoms endorsed by individuals in this sample. While there is a massive
body of literature examining performance validity among individuals diagnosed with
concussion, many of these studies fail to properly establish conceptual boundaries
between performance validity, symptom validity, and malingering. Additionally, these
studies defined effort by using cutoffs to separate their samples into categorical pass/fail
groups without accounting for “border zone” individuals. Similarly, to my knowledge
there are no studies analyzing PVT scores (specifically the WMT) as an outcome variable
which attempted to correct for the non-normal distribution of those scores when needed.
Overall, the usefulness of most published studies on performance validity is limited to
identifying effective methods of predicting malingering. The current state of the
literature is therefore restricted in terms of its clinical utility, and the exploration of
factors relevant to effort among non-malingering populations is practically non-existent.
To my knowledge, this is the very first study to address all of these problems by a)
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clearly distinguishing performance validity from malingering and symptom validity using
a literature review, and b) examining relationships between perceived injustice and
performance validity in a non-malingering sample by c) employing a form of regression
allowing for the non-categorical analysis of WMT outcomes.
Major Findings
Depression predicting perceived injustice. Consistent with hypotheses,
depression significantly predicted IEQ scores for both Total and Blame/Unfairness
ratings, but not aspects of perceived injustice related to feelings of injury
severity/irreparable loss. These findings were consistent with previous reports of
correlations between depression and perceived injustice, particularly following injuries,
such as whiplash, that often accompany traumatic events (Scott et al., 2015). However,
given the discrepant significance levels in prediction patterns of depression on individual
IEQ subscales, these results may indicate that the relationship between depression and
Total IEQ score may have been driven primarily by participants’ blame cognitions. This
explanation seems probable given that the association between depression and perceived
injustice is a relationship which has been found to be mediated by anger, which has been
described as a prominent correlate of blame (Scott, Trost, Bernier, & Sullivan, 2013).
The finding that depression did not significantly predict feelings of severe
injury/irreparable loss was unexpected given the observed relations between scores on the
BDI-II, IEQ-T, and IEQ-B, as well as the speculation that both IEQ subscales are
“inextricably linked” (Sullivan et al., 2008). However, to my knowledge there are no
empirical studies investigating this link. Keeping in mind that the present study is crosssectional in design with a small sample size, and that these factors may also have affected
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my results, it may be that blame/unfairness and severity/irreparability are more distinct
than previously assumed, particularly regarding their relationships with depression.
Perceived injustice predicting performance validity. As mentioned previously,
findings were mixed regarding this hypothesis. Consistent with expectation, overall
perceived injustice ratings and blame/unfairness cognitions negatively predicted WMTEI scores at the .25th quantile. However, the Severity/Irreparability scale did not predict
WMT-EI at any quantile. In other words, for individuals who exerted the lowest level of
effort in this sample, their validity index scores were significantly predicted by injustice
attitudes, particularly facets of injustice related to feelings of blame and unfairness. As
mentioned previously, this relationship has never been investigated in published literature
among samples restricted to individuals who met performance validity standards on
testing. Therefore, although a thorough empirically-based explanation is precluded on
the current study, it is cautiously proposed that this finding is consistent with the idea that
neuropsychological effort is more susceptible to maladaptive psychological variables or
post-injury appraisals than previously assumed (Lippa et al., 2014; Silver, 2015; Silver,
2012), and that perceived injustice is one of those variables. Otherwise, more specific
hypotheses regarding the cause of the relationship between perceived injustice and effort,
including possible Type I error, are considered most appropriate for future replications of
this study.

Additionally, given the difference in magnitude between the regression coefficients of
IEQ-T and IEQ-B, the absence of effect when IEQ-S was used as the WMT-EI predictor,
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and the fact IEQ-B was the only variable significantly correlated with WMT-EI in
preliminary analyses, it seems likely that feelings of blame and unfairness were the
primary psychological influences on performance validity in this sample.
On the other hand, the lack of significant findings in terms of the relationship
between IEQ-S and WMT-EI may suggest that feelings of severe damage and irreparable
loss is not as deeply intertwined with feelings of blame as previously speculated, at least
with regard to a potential influence on performance validity. This is unsurprising given
that meeting performance validity standards was an exclusion criterion at the time of
these participants’ recruitment, and that the WMT’s pass cutoffs are fairly high given the
simple nature of the task. In other words, the absence of a relationship between any of
the IEQ scores at higher WMT-EI quantiles may be attributable to the restricted sample
size and range of WMT-EI scores.
As mentioned previously there is only one published study investigating the
relationship between perceived injustice and performance validity (Iverson, 2020).
Although our results generally align with those authors’ findings that these variables are
negatively related, our analytic methodologies differed with regard to the statistical
processing of PVT data. Given that I measured WMT scores as a continuous variable in
the “clear pass” range, as opposed to defining effort in terms of whether participants fell
into strict pass/fail categories, the interpretation of the perceived injustice-performance
validity relationship differs between these two studies. Specifically, the results of the
present study indicate a more subtle, possibly more clinically-relevant relationship
between injustice attitudes and neuropsychological effort that falls beyond the basic
question of whether an examinee’s cognitive data are interpretable. These conclusions
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are consistent with emerging evidence that effort lies on a continuum, that PVT score
profiles may inform clinical treatment goals, and that evaluating performance validity
based strictly on pass/fail cutoffs may be insufficient to properly understand clinicallyrelevant influences on effort (Lippa, Agbayani, Hawes, Jokic, & Caroselli, 2014).
Depression moderating the relationship between perceived injustice and
performance validity. To my knowledge the present study is the first investigation of the
relations between perceived injustice, performance validity, and depression in the same
statistical model. No support was found for the hypothesis that depression moderates the
relationship between IEQ-T, IEQ-B, or IEQ-S scores and WMT-EI scores. Statistically,
there are several potential explanations for these findings including the restricted range of
outcome values, small sample sizes in the non-depressed and depressed subgroups, and
the use of an atypical moderation analysis. Alternatively, the selected model may have
been conceptually flawed. Specifically, the use of an alternative third variable may have
been a more appropriate choice of moderator or mediator compared to depression. Anger,
for example, has been found to mediate the relationship between injustice attitudes,
psychological outcomes, and behaviors related to events which people deem unfair
(Chan & Arvey, 2011; Scott et al., 2016; Trost et al., 2017). Given that the present study
indicates that neuropsychological effort is a form of behavior susceptible to perceived
injustice, an anger mediation analysis of this relationship, particularly between IEQ-B
and WMT-EI, may have proven fruitful. The further identification of therapeutic
variables relevant to performance validity should be prioritized in both future
rehabilitation and neuropsychology research.
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Depression and time since injury predicting performance validity. The
relationship between depression and effort is debated in the literature. While several
reports indicate that depression interferes with effortful processing (Hammar, 2003;
Hammar, Lund, & Hugdahl, 2003; Hartlage et al., 1993; Jiang, Zhou, Chen, & Zhou,
2021; Roy-Byrne, Weingartner, & Bierer, 1986), other studies have found that depression
does not significantly affect whether examinees pass or fail performance on formal PVTs
(Ashendorf, Constantinou, & McCaffrey, 2004; Iverson, Le Page, Koehler, Shojania, &
Badii, 2007; Lee et al., 2010; Rees, Tombaugh, & Boulay, 2001). Results of my post-hoc
analyses indicated that depression does have a small negative association with effort.
However, it should be noted that this relationship was observed only at the highest level
of effort among a sample of individuals who passed validity testing. These results
support the idea that, at least in this sample, depression is associated with decreased effort
among individuals with a concussion diagnosis, but not to a degree sufficient to bring
PVT scores below the “clear pass” range. The nuanced relationship between depression
and effort suggested in the present study may partly explain this topic’s widely-debated
nature in the literature. As such, it is possible that the relationship between depression
and performance validity is inadequately characterized, probably overlooked, and
therefore loses its potential clinical relevance when effort is categorically defined.
Similar to depression, time since injury was not significantly correlated with PVT
performance during preliminary analyses. However, unlike depression, its relationship
with WMT-EI scores remained non-significant following quantile regression. These
findings contrast with the only published study known to have included the relationship
between time since injury and performance validity as part of its analytic plan. Among
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140 individuals diagnosed with a concussion in the last six months in accordance with the
World Health Organization Neurotrauma Task Force’s definition of concussion, Abeare
and colleagues (2020) found that time since injury was weakly correlated with a higher
number of embedded PVT failures made by participants on the National Institutes of
Health (NIH) Toolbox. These findings were taken as providing evidence against claims
that embedded PVT failures may be false positives for “noncredible performance”, given
that greater time since injury is associated with cognitive recovery and in theory makes
PVT failure even less likely (Abeare, 2020). However, the authors acknowledged that
despite effectively discriminating between individuals who passed or failed Green’s
MSVT, their study’s embedded PVTs were only recently developed, and require further
statistical validation as effort measures in order to substantiate their conclusions.
Potential relations between time since injury and effort are further complicated by
a lack of consensus on the neurobiological correlates of time since injury following
concussion. For instance, there is magnetic resonance spectroscopy data indicating that
individuals who have suffered even mild head injuries experience acute metabolic
changes predictive of white matter damage and neurologic dysfunction as time since
injury increases (Garnett et al., 2000). On the other hand, findings from voxel-based
morphometric analyses suggest that time since injury following concussion is associated
with compensatory grey matter changes promoting emotional regulation and reducing
distractibility, both of which likely inform PVT performance (Bigler, 2014; Kilgore et al.,
2016; Silver, 2015). Currently it is felt that no definitive statement can be made about the
present study’s findings that time since injury is not associated with effort, given the
limited state of the literature in this area. In order to better characterize any potential

PERCEIVED INJUSTICE AND PERFORMANCE VALIDITY
76
relationships between time since injury and performance validity, it is likely that more
complex explanatory models will need to be tested. For example, a 2008 study found
that when shown pictures of two adolescents who sustained a head injury at the same
time and displayed problems with anger, sleep, self-esteem, and motivation, participants
were more likely to rate the picture of the adolescent with a head scar as having suffered
the more recent injury and attribute the behaviors to that injury (McClure, Buchanan,
McDowall, & Wade, 2008). Relatedly, it has been proposed that individuals who are
reminded of their injury may be prone to emotional disturbance affecting performance
validity (Silver, 2015). These findings indicate that time since injury likely encompasses
multiple dimensions, such as objective versus perceived time since injury, that these
dimensions can be affected by injury-related cues, and that disentangling these factors
may better inform time since injury’s relationship with other variables, including
performance validity. Although the current study did not support such an idea, future
replications with larger datasets and additional variables as described may yield different
results, particularly among individuals reporting long-term post-concussive symptoms.
Perceived injustice moderating the relationship between depression and
performance validity. Results indicated a negative relationship between depressive
symptoms and effort among individuals at the highest effort quantile, which was
consistent with my previous quantile regressions of WMT-EI upon BDI-II scores. This
relationship disappeared at the same effort quantile among individuals with higher levels
of perceived injustice. These data may support the idea that perceived injustice
moderated, or possibly even mediated, the relationship between depression and effort
among individuals who yielded the highest amount of effort observed in this sample. The
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observed relationship would suggest that depression levels within this quantile have less
of an effect on effort as perceived injustice increases. However, given the constraints
induced by the discrepancy in sample size between low-IEQ and high-IEQ groups and
associated power reduction, there is likely no effect of perceived injustice on the
relationship between depression and WMT-EI scores that can be observed in this sample.
These findings are more likely an artifact of the data, and future replications of this
analysis with an adequately-powered sample are warranted.
Clinical Implications
Within the interpretability constraints imposed by the present study’s
underpowered nature, this investigation holds several implications for the clinical
management of individuals diagnosed with a mild traumatic brain injury. First, it should
be noted that none of my variables appeared to influence effort such that participants fell
below WMT cutoffs. Thus, because this study examined effort in a sample of individuals
who met performance validity standards, it is likely to be most useful for individuals
trained in the interpretation of PVT data but primarily involved in clinical treatment, such
as rehabilitation neuropsychologists. On the other hand, the present study is not as useful
for evaluators whose primary intention is to identify incidents of malingering. Although
there was no evidence for depression being a moderator of the relationship between
perceived injustice and performance validity, there was evidence that WMT data
produced by individuals who yielded less effort on testing were explained at least partly
by perceived injustice, particularly feelings of blame and unfairness. Perceived injustice
as measured by the IEQ, particularly the Blame/Unfairness scale, is negatively associated
with forgiveness (Trost et al., 2016), and unforgiveness in turn has been found to mediate
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the relationship between perceived injustice and reduced psychological well-being (Boon
& Brown, 2020). Unsurprisingly, forgiveness interventions have been described as
“potentially useful” for individuals who have experienced traumatic events such as
accidents or crime (Wade & Worthington, 2005), and may represent a viable aspect of
treatment for individuals with high injustice appraisals (Sullivan, 2008). Briefly,
forgiveness interventions focus on restructuring maladaptive thoughts and feelings
related to someone whom a patient regards as someone who has wronged him or her
(Wade & Worthington, 2005). The effect of forgiveness work among individuals
reporting postconcussive symptoms has not been explored in the literature. However,
research in this area is warranted given the potential for these interventions to improve
psychological outcomes among individuals with high blame cognitions regarding their
concussion and the events surrounding it. Additionally, the development of high
perceived injustice levels has been identified as a potential risk factor for slowed or even
lack of recovery among populations such as whiplash victims (Ferrari, 2015). This
relationship may apply to individuals with PCS, who typically present with symptoms
long after their injury.
In addition to treatment goals regarding perceived injustice, the present study adds
further support to the evidence that perceived injustice and depression are closely linked.
However, given that perceived injustice and depression affected effort at opposite
quantiles, this study adds to emerging findings that these variables are distinct, at least in
terms of their relationships with performance validity. Thus, while targeting one of these
problems during head injury rehabilitation may increase treatment outcomes for the other
given their known co-occurrence (Scott, Trost, Milioto, Sullivan, & Michael, 2015), it is
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important to develop treatment plans with interventions designed uniquely for both
perceived injustice and depression in order to maximize therapeutic utility. This may be
particularly relevant to concussion patients, who may endorse very high levels of both.
For example, it has been suggested that perceived injustice is exacerbated by measurable
environmental factors, such as unsafe working conditions, which have contributed or may
contribute to injury. As such, environmental modifications as well as therapeutic
interventions regarding subjective sources of injustice may assist in reducing injustice
appraisals (Sullivan et al., 2008). This combination is qualitatively different from frontline depression treatments such as behavioral activation, which often require patients to
adopt an active role in boosting their mood. This reinforces the notion that
neurorehabilitation programs, especially for individuals with a history of head injury,
should incorporate individualized treatments accounting for multisystemic contributors to
both perceived injustice and affective symptoms.
Limitations and Future Research
One limitation of this study involves features of the dataset itself. Namely, this
was a clinically-based sample lacking a formal background screening aside from clinical
interviews and the records participants were able to provide. While basic aspects of their
case, such as basic demographics, whether they were working with an attorney as well as
how they received their concussion diagnosis, were available, not all subjects were able
to provide information and/or records regarding other important variables, such as
neuroimaging data or whether they met ACRM criteria for concussion at the time of their
injury. Thus, it was not possible to account for the influence of these missing variables
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during analyses. However, these complications are felt to represent a common problem
in clinical work, which may increase the present study’s general ecological validity.
As previously noted, this study was underpowered in terms of sample size, and a
fully-powered study may have yielded different results, particularly in terms of the
quantile regression coefficients. Additionally, quantile regression is incompatible with
procedures designed to assist with sample size and normality issues such as bootstrapping
(CITE SPSS). Even a fully-powered study would have yielded a small overall sample
size, which would affect the spectrum of WMT-EI scores observed, and by extension the
coefficients yielded, per quantile. Similarly, due to the WMT’s fairly high cutoff range,
the scores obtained on this study were restricted in range given that meeting validity
standards was an inclusion criterion. Although this was vital to measuring “pure” effort
in this sample, it would have been beneficial to work with a larger pool exhibiting a
wider variety of scores within the “clear pass” range. Finally, it is important to note that
the modified nature of my moderation analysis precludes traditional interpretation of my
“quantile moderation” results. However, given the lack of any significant relationships
between my predictor and outcome following the splitting of my dataset during both
moderations, there would not likely have been any significant moderating relationships
observed even if traditional MMR were able to be used. One other methodological
limitation was the use of the BDI-II, which is known to be psychometrically robust, but
also lacks symptom validity scales which are included on more comprehensive mental
health instruments. Therefore, it was not possible to control for potential symptom
overreporting in this sample. However, it should be noted that given participants’ effort
profiles the risk of malingering was minimized. Overall, while this study’s results are
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clinically intriguing, they should be taken with some caution, especially regarding
potential clinical applications.
With respect to future research, replication of this study with a large and
rigorously-screened concussion subject pool is advised. As noted above, participation
should be restricted to individuals who meet overall performance validity standards, but
not necessarily those who performed at the highest tiers of effort (for example,
incorporating individuals who scored in the mid-80’s on the WMT in addition to people
who scored between the 91st and 100th percentile). This would allow for a more nuanced
analysis, including a higher number of quantiles (e.g., .1-.9 in intervals of .1 or .2 instead
of .25-.75 in intervals of .25). Relatedly, this study highlighted quantile regression’s
usefulness in controlling for my sample’s non-normal effort distribution. This method
would likely be applicable to other investigations of effort as a continuous variable, by
avoiding the limitations of statistically uncorrected, skewed samples characterized by
categorical descriptors.
In addition, it should be noted that neuropsychological effort appears to be just
one domain potentially affected by perceived injustice. It is important for future
investigators to examine relations between injustice appraisals and other variables
relevant to neurorehabilitation, such as anxiety, the good old days bias, symptom validity,
subjective illness perceptions and perceived disability, and PVT scores on measures other
than the WMT. Depending on the results of those analyses, examining relations between
perceived injustice and other treatment outcomes, such as forgiveness interventions, may
also be of interest. Finally, given the potential effect of depression on PVT performance
observed in the present study, future research on this association should emphasize the
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development of explanatory statistical models of this relationship. Quantile mediation
(Shen, Chou, Pentz, & Berhane, 2014), for example, may provide a viable method of
examining factors through which depression affects effort among non-malingering
populations. There is a relative lack of published findings investigating these variables in
the context of concussion, particularly perceived injustice, and more research is certainly
needed in this area. Rehabilitation neuropsychologists are uniquely positioned to apply
this type of research, particularly clinicians who work with concussed individuals, and
given that concussions are among the most common reasons for cognitive evaluations.
Finally, replications of this study should also be conducted among samples with other
medical conditions to determine whether these findings should be considered in the
context of other rehabilitation populations.
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